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A  PREFATORY  LETTER. 


My  dear  Tyndall, 

I  sliould  have  liked  to  provide  this  collection 
of  *'  Lay  Sermons,  Addresses,  and  Reviews,"  with  a 
Dedication  and  a  Preface.  In  the  former,  I  should  have 
asked  j^ou  to  allow  me  to  associate  your  name  with  the 
book,  chiefly  on  the  ground  that  the  oldest  of  the  papers 
in  it  is  a  good  deal  younger  than  our  friendship.  In 
the  latter,  I  intended  to  comment  upon  certain  criticisms 
with  which  some  of  these  Essays  have  been  met. 

But,  on  turning  the  matter  over  in  my  mind,  I  began 
to  fear  that  a  formal  dedication  at  the  beginning  of  such 
a  volume  would  look  like  a  grand  lodge  in  front  of  a  set 
of  cottages  ;  while  a  complete  defence  of  any  of  my  old 
papers  would  simply  amount  to  writing  a  new  one — a 
labour  for  which  I  am,  at  present,  by  no  means  fit. 
.  The  book  must  go  forth,  therefore,  without  any  better 
substitute  for  either  Dedication,  or  Preface,  than  this 
letter ;  before  concluding  which  it  is  necessary  for  me 
to  notify  you,  and  any  other  reader,  of  two  or  three 
matters. 
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W  A  PREFATORY  LETTER. 

The  first  is,  tliat  tlic  oldest  Essay  of  the  whole,  that 
"Oil  the  Eilucational  Value  of  the  Natural  History 
Sciences,"  contains  a  view  of  the  nature  of  the  differences 
between  living  and  not-living  bodies  out  of  which  I  have 
long  since  grown. 

Secondly,  in  the  same  paper,  there  is  a  statement  con- 
cerning the  method  of  the  mathematical  sciences,  which, 
repeated  and  expanded  elsewhere,  brought  upon  me, 
during  the  meeting  of  the  British  Association  at  Exeter, 
the  artillery  of  our  eminent  friend  Professor  Sylvester. 

No  one  knows  better  than  you  do,  how  readily  I 
should  defer  to  the  opinion  of  so  great  a  mathematician 
if  the  question  at  issue  were  really,  as  he  seems  to  think 
it  is,  a  mathematical  one.  But  I  submit,  that  the  dictum 
of  a  mathematical  athlete  upon  a  difficult  problem  which 
mathematics  offers  to  philosophy,  has  no  more  special 
weight,  than  the  verdict  of  that  great  pedestrian  Captain 
Barclay  wouhl  havi^  had,  in  settling  a  disputed  point  in 
the  physiology  of  locomotion. 

The  genius  which  sighs  for  new  worlds  to  conquer 
beyond  that  surprising  region  in  which  "geometry, 
algebra,  and  the  theory  of  numbers  melt  into  one  another 
like  sunset  tints,  or  the  colours  of  a  dying  dolphin,"  may 
be  of  comparatively  little  service  in  the  cold  domain 
(mostly  lighted  by  the  moon,  some  say)  of  philosophy. 
And  the  more  I  think  of  it,  the  more  does  our  friend 
seem  to  me  to  fall  into  the  position  of  one  of  those 
"  verstiindige  Leute,"  about  whom  he  makes  so  apt  a 
quotation  from  Goethe.  Surely  he  has  not  duly  con- 
sidered two   points.     The  first,  that   I   am  in  no  way 
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A  PREFATOHY  LETTER. 
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answerable  for  the  origination  of  the  doctrine  he  criti- 
cises  :  and  the  second,  that  if  we  are  to  enii)U)y  the 
terms  observation,  induction,  and  experiment,  in  the 
sense  in  which  lie  uses  them,  lo«^ic  is  as  much  an 
obseiTational,  inductive,  and  experimental  science  as 
mathematics;  and  that,  I  confess,  appears  to  me  to  be 
a  rediwtio  ad  ahsuixhim  of  his  argument. 

Thirdly,  the  Essay  "  On  the  Physical  l>asis  of  Tiife"  was 
intended  to  contain  a  })lain  and  untechnical  statement  of 
one  of  the  great  tendencies  of  modern  biological  thought, 
accompanied  by  a  protest,  from  the  philosophical  side, 
against  what  is  commonly  called  Materialism.  The 
result  of  my  well-meant  efforts  I  find  to  be,  that  I  am 
generally  credited  with  having  invented  "  protoplasm  " 
in  the  interests  of  "  materialism."  ^ly  unlucky  "  La}' 
Sermon "  has  been  attacked  by  microscopists,  ignorant 
alike  of  Biology  and  Philosophy  ;  by  philosophers,  not 
very  learned  in  either  Biology  or  !Microscoi)y  ;  by  clergy- 
men of  several  denominations ;  and  by  some  few  writers 
who  have  taken  the  trouble  to  understand  the  subject. 
I  trust  that  these  last  will  believe  that  I  leave  the  Essay 
unaltered  from  no  want  of  respectful  attention  to  all  they 
have  said. 

Fourthly,  I  wish  to  refer  all  who  are  interested  in 
the  topics  discussed  in  my  address  on  "  Geological  Re- 
form," to  the  reply  with  which  Sir  William  Thomson  has 
honoured  me. 

And,  histly,  let  me  say  that  I  reprint  the  review  of 
"  The  Origin  of  Species "  simply  because  it  has  been 
cited  as  mine  by  a  late  President  of  the  Geological  Society. 
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A  PltEFATORV  LETTER. 

If  you  find  its  phraseology,  in  some  places,  to  be  more 
vigorous  than  seems  needful,  recollect  that  it  was  written 
in  the  heat  of  our  first  battles  over  the  Novum  Organon 
of  liiology ;  that  we  were  all  ten  years  younger  in  those 
dnys  ;  and  last,  but  not  least,  that  it  was  not  published 
until  it  had  Iwen  submitted  to  the  revision  of  a  friend 
for  whose  judgment  I  had  then,  as  I  have  now,  the 
gi'catest  respect. 

Ever,  my  dear  Tyndall, 

Yours  very  faithfully, 

T.  H.  HUXLEY. 

London,  June  IS70. 
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I. 

ON  THE  ADVISABLENESS  OF  Birr.OVING 
NATURAL  KNOWLEDGE. 

This  time  two  hundred  years  ago — in  the  beginning  of 
January,  1666 — those  of  our  forefathers  who  inhabited 
this  great  and  ancient  city,  took  breath  between  the 
shocks  of  two  fearful  calamities:  one  not  quite  past, 
although  its  fury  had  abated ;  the  other  to  come. 

Within  a  few  yards  of  the  very  spot  on  which  we 
I  are  assembled,  so  the  tradition  runs,  that  painful 
and  deadly  malady,  the  plague,  appeared  in  the  latter 
months  of  1664  ;  and,  though  no  new  visitor,  smote  the 
people  of  England,  and  especially  of  her  capital,  with 
a  violence  unknown  before,  in  the  course  of  the  following 
year.  The  hand  of  a  master  has  pictured  what  happened 
in  those  dismal  months ;  and  in  that  truest  of  fictions, 
"  The  History  of  the  Plague  Year,"  Defoe  shows  death, 
with  every  accompaniment  of  pain  and  terror,  stalking 
through  the  narrow  streets  of  old  London,  and  changing 
their  busy  hum  into  a  silence  broken  only  by  the 
wailing  of  the  mourners  of  fifty  thousand  dead ;  by  the 
woful  denunciations  and  mad  prayers  of  fanatics;  and 
by  the  madder  yells  of  despairing  profligates. 

But,  about  this  time  in  1666,  the  death-rate  had 
sunk  to  nearly  its  ordinary  amount;  a  case  of  plague 
occurred  only  here  and  there,  and  the  richer  citizens 
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2  LJy  SKR.UONS,  AmmESSES,  AND  liEFlEWS, 

who  had  flown  from  the  pest  had  returned  to  their 
dwellings.  The  remnant  of  the  people  began  to  toil 
at  the  accustomed  round  of  duty,  or  of  pleasure ;  and 
the  stream  of  city  life  bid  fair  to  flow  back  along  its| 
old  bed,  with  renewed  and  uninterrupted  vigour. 

The  newly  kindled  hope  was  deceitful.  The  great! 
plague,  indeed,  returned  no  more ;  but  what  it  had 
done  for  the  Londoners,  the  great  fire,  which  broke 
out  in  the  autumn  of  1666,  did  for  London  ;  and,  in| 
September  of  that  year,  a  heap  of  ashes  and  the  inde- 
structible energy  of  the  people  were  all  that  remained] 
of  the  glory  of  five-sixths  of  the  city  within  the  walls. 

Our  forefathers  had  their  own  ways  of  accounting 
for  each  of  these  calamities.  They  submitted  to  the 
plague  in  humility  and  in  penitence,  for  they  believed 
it  to  be  the  judgment  of  God.  But,  towards  the  fire 
they  were  furiously  indignant,  interpreting  it  as  the 
effect  of  the  malice  of  man,  —  as  the  work  of  the  I 
Kepublicans,  or  of  the  Papists,  according  as  their  pre- 
possessions ran  in  favour  of  loyalty  or  of  Puritanism. 

It  would,  I  fancy,  have  fared  but  ill  with  one  who,  I 
standing  where  I  now  stand,  in  what  was  then  a  thickly 
peopled  and  fashionable  part  of  London,  should  have 
broached  to  our  ancestors  the  doctrine  which  I  now 
propound  to  you — that  all  their  hypotheses  were  alike 
wron,^ ;  that  the  plague  was  no  more,  in  their  sense,! 
Divine  judgment,  than  the  fire  was  the  work  of  any  poli- 
tical, or  of  any  religious,  sect ;  but  that  they  were  them- 1 
selves  the  authors  of  both  plague  and  fire,  and  that  they 
must  look  to  themselves  to  prevent  the  recurrence  of 
calamities,  to  all  appearance  so  peculiarly  beyond  the 
reach  of  human  control — so  evidently  the  result  of  the 
wrath  of  God,  or  of  the  craft  and  subtlety  of  an| 
enemy. 
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And  one  may  picture  to  oneself  how  harmoniously 
I  the  holy  cursing  of  the  Puritan  of  that  day  would  have 
chimed  in  with  the  unholy  cursing  and  the  crackling 
wit  of  the  Rochostcrs  and  Sedleys,  and  with  the  revilings 
of  the  political  fanatics,  if  my  imaginary  plain  dealer 
had  gone  on  to  say  that,  if  the  return  of  such  misfortunes 
were  ever  rendered  impossible,  it  would  not  be  in  virtue 
of  the  victory  of  the  faitli  of  Laud,  or  of  that  of 
I  Milton  ;  and,  as  little,  by  the  triumph  of  republicanism, 
as  by  that  of  monarchy.  But  that  the  one  thing 
needful  for  compassing  this  end  was,  that  the  people 
of  England  should  second  the  efJbrts  of  an  insig- 
nificant corporation,  the  establishment  of  which,  a  few 
lyears  before  the  epoch  of  the  great  plague  and  the 
[great  fire,  had  been  as  little  noticed,  as  they  were 
|conspicuous. 

Some  twenty  years  before  the  outbreak  of  the  plague 
la  few  calm  and  thoughtful  students  banded  themselves 
Itogether  for  the  purpose,  as  they  phrased  it,  of  "im- 
proving natural  knowledge."  The  ends  they  proposed 
to  attain  cannot  be  stated  more  clearly  than  in  the 
Iwords  of  one  of  the  founders  of  the  organization  : — 

"  Our  business  was  (precluding  matters  of  theology 
land  state  affairs)  to  discourse  and  consider  of  philo- 
Isophical  enquiries,  and  such  as  related  thereunto  : — as 
IPhysick,  Anatomy,  Geometry,  Astronomy,  Navigation, 
IStaticks,  Magneticks,  Chymicks,  Mechanicks,  and 
[Natural  Experiments ;  with  the  state  of  these  studies 
md  their  cultivation  at  home  and  abroad.  We  then 
liscoursed  of  the  circulation  of  the  blood,  the  valves 
[in  the  veins,  the  venae  lactese,  the  lymphatic  vessels, 
the  Copernican  hypothesis,  the  nature  of  comets  and 
lew  stars,  the  satellites  of  Jupiter,  the  oval  shape  (as 
|it  then  appeared)  of  Saturn,  the  spots  on  the  sun  and 
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its  turning  on  its  own  tixis^  the  inequalities  and  seleno- 
graphy of  the  moon,  the  several  phases  of   Venus  and  I 
Mercury,  the  improveuKnit  of  telescopes  and  grinding 
of    glasses   for   that   purpose,    the    weight   of    air,   the! 
possibility  or  impossibility  of  vacuities  and  nature's  al)- 
horrence  thereof,  the  Torricellian  experiment  in  quick- 
silver, tlie  descent  of  heavy  bodies  and  the  degree  ofl 
acceleration  therein,  with   divers   other   things   of  likel 
nature,  some  of  which  were  then  but  new  discoveries, 
and  others  not  so  generally   known   and   embraced   as 
now  they  are  ;    with  other  things  appertaining  to  what 
hath   been   called    the   New    Philosophy,    which,   from 
the  times  oi  Galileo  at  Florence,  and  Sir  Francis  Baconl 
(Lord  Verulam)  in  England,  hath  been  much  cultivated 
in  Italy,  France,   Germany,  and  other  parts  abroad,  asj 
well  as  with  us  in  England." 

The  learned  Dr.  Wallis,  wTiting  in  1696,  narrates,  inl 
these  Avords,  what  happened  half  a  century  before,  orl 
about  1645.  The  associates  met  at  Oxford,  in  thel 
rooms  of  Dr.  AVilkins,  who  was  destined  to  become  a 
bishop  ;  and  subsequently  coming  together  in  London,! 
they  attracted  the  notice  of  the  king.  And  it  is  al 
strange  evidence  of  the  taste  for  knowledge  which  thel 
most  obviously  worthless  of  the  Stuarts  shared  withi 
his  father  and  grandfather,  that  Cliarles  the  Second! 
was  not  content  with  saying  witty  things  about  his! 
philosophers,  but  did  wise  things  with  regard  to  them.! 
For  he  not  only  bestowed  upon  them  such  attention  as! 
lie  could  spare  from  his  poodles  and  his  mistresses,  but,! 
l)eing  in  his  usual  state  of  impecuniosity,  begged  fori 
them  of  the  Duke  of  Ormond ;  and,  that  step  beind 
without  effect,  gave  them  Chelsea  College,  a  charter,  anal 
a  mace  :  crowning  his  favours  in  the  best  way  they  couldl 
bo  crowned,  by  burdening  them  no  further  with  royal] 
patronage  or  state  interference. 
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Thus  it  was  that  the  half-dozen  young  nicn,  studious 
of  the  "  New  Philosophy,"  who  met  in  one  another's 
lodgings  in  Oxford  or  in  London,  in  the  middle  of  the 
seventeenth  century,  grew  in  numerical  and  in  real 
strength,  until,  in  its  latter  part,  thc^-  "  Royal  Society  for 
the  Improvement  of  Natural  Knowledge"  had  already 
l)ocome  famous,  and  had  acquired  a  claim  upon  the  vene- 
ration of  Englishmen,  which  it  has  ever  since  retained, 
as  the  principal  focus  of  scientific  activity  in  our  islands, 
and  the  chief  champion  of  the  cause  it  was  formed  to 
support. 

It  was  by  the  aid  of  the  Eoyal  Society  that  Newton 
published  his  "  Principia."  If  all  the  books  in  the  world, 
except  the  Philosophical  Transactions,  were  destroyed,  it 
is  safe  to  say  that  the  foundations  of  physical  science 
would  remain  unshaken,  and  that  the  vast  intellectual 
progress  of  the  last  tvv^o  centuries  would  he  largely, 
though  incompletely,  recorded.  Nor  have  any  signs 
of  halting  or  of  decrepitude  manifested  themselves  in 
our  own  times.  As  in  Dr.  Wallis's  days,  so  in  these, 
"  our  business  is,  precluding  theology  and  state  affairs, 
to  discourse  and  consider  of  philosophical  enquiries." 
But  our  "  Mathematick"  is  one  which  Newton  would 
have  to  go  to  school  to  learn ;  our  **  Staticks,  Mechanicks, 
Magneticks,  Chymicks,  and  Natural  Experiments"  con- 
stitute a  mass  of  physical  and  chemical  knowledge, 
a  glimpse  at  which  would  compen&ate  Galileo  for 
the  doings  of  a  score  of  inquisitorial  cardinals ;  our 
"Physick"  and  "Anatomy"  have  embraced  such  in- 
finite varieties  of  being,  have  laid  open  such  new 
worlds  in  time  and  space,  have  grappled,  not  unsuc- 
cessfully, with  such  complex  problems,  that  the  eyes 
of  Vesalius  and  of  Harvey  might  be  dazzled  by  the 
sight  of  the  tree  that  has  grown  out  of  their  grain  of 
mustard  seed. 
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The  fact  is  perhaps  rather  too  much,  than  too  litdo, 
forced  upon  one's  notice,  nowadays,  that  all  this  mar- 
vellous intellectual  growth  has  a  no  less  wonderful 
expression  in  practical  life  ;  and  that,  in  this  respect,  if 
in  no  other,  the  movement  symbolized  by  the  progress 
of  the  Royal  Society  stands  without  a  parallel  in  the 
history  of  mankind. 

A  series  of  volumes  as  bulky  as  the  Transactions  of 
the  Royal  Society  might  possibly  be  filled  with  the 
subtle  speculations  of  tlie  Schoolmen ;  not  improbably, 
the  obtaining  a  mastery  over  the  products  of  mediaeval 
thought  might  necessitate  an  even  greater  expenditure  of 
time  and  of  energy  than  the  acquirement  of  the  "  New 
Philosophy ;"  but  though  such  work  engrossed  the  best 
intellects  of  Europe  for  a  longer  time  tlian  has  elapsed 
since  the  great  fire,  its  effects  were  "  writ  in  water,"  so 
far  as  our  social  state  is  concerned. 

On  the  other  hand,  if  the  no])le  first  President  of  th(» 
Royal  Society  could  revisit  the  upper  air  and  once  more 
gladden  his  eyes  with  a  sight  of  the  familiar  mace,  he 
would  find  himself  in  the  midst  of  a  material  civilization 
more  different  from  that  of  his  day,  than  that  of  the 
seventeenth,  was  from  that  of  the  first,  century.  And  if 
Lord  Brouncker  s  native  sagacity  had  not  deserted  his 
ghost,  he  would  need  no  long  reflection  to  discover  that 
all  these  great  ships,  these  railways,  these  telegraphs, 
these  factories,  these  printing-presses,  without  which  the 
whole  fabric  of  modern  English  society  would  collapse 
into  a  mass  of  stagnant  and  starving  pauperism, — that 
all  these  pillars  of  our  State  are  but  the  ripples  and  the 
bubbles  upon  the  surface  of  that  great  spiritual  stream, 
the  springs  of  which,  only,  he  and  his  fellows  were 
privileged  to  see  ;  and  seeing,  to  recognise  as  that  which 
it  behoved  them  above  all  things  to  keep  pure  and 
undefiled. 
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It  may  not  be  too  great  a  flight  of  imagination  to 
conceive  our  noble  revenant  not  forgetful  of  the  great 
troubles  of  his  own  day,  and  anxious  to  know  how  often 
London  had  been  burned  down  since  his  time,  and  how 
often  the  plague  had  carried  off'  its  thousands.  He  would 
have  to  learn  that,  although  London  contains  tenfold  the 
inflammable  matter  that  it  did  in  1G66  ;  though,  not 
content  with  filling  our  rooms  with  woodwork  and  light 
draperies,  we  must  needs  lead  inflaramable  and  explosive 
gases  into  every  corner  of  our  streets  and  houses,  we 
never  allow  even  a  street  to  burn  down.  And  if  he 
asked  how  this  had  come  about,  we  should  have  to 
explain  that  the  improvement  of  natural  knowledge  has 
furnished  us  with  dozens  of  machines  for  throwing  water 
upon  fires,  any  one  of  which  would  have  furnislied  the 
ingenious  ]\lr.  Hooke,  the  first  "  curator  and  experi- 
menter" of  the  Royal  Society,  with  ample  materials  for 
discourse  before  half  a  dozen  meetings  of  that  body ; 
and  that,  to  say  truth,  except  for  the  progress  of  natural 
knowledge,  we  should  not  have  been  able  to  make  even 
the  tools  by  which  these  machines  are  constructed. 
And,  further,  it  would  be  necessary  to  add,  that  although 
dcvcre  fires  sometimes  occur  and  inflict  great  damage, 
the  loss  is  very  generally  compensated  by  societies,  the 
operations  of  which  have  been  rend«,  :l  possible  only 
by  the  progress  of  natural  knowledge  in  the  direction  of 
mathematics,  and  the  accumulation  of  wealth  in  virtue 
of  other  natural  knowledge. 

But  the  plague  ?  My  Lord  Brouncker's  observation 
would  not,  I  fear,  lead  him  to  think  that  Englishmen  of 
the  nineteenth  century  are  purer  in  life,  or  more  fer- 
vent in  religious  faith,  than  the  generation  which  could 
produce  a  Boyle,  an  Evelyn,  and  a  Milton.  He  might 
find  the  mud  of  society  at  the  bottom,  instead  of  at  the 
top,  but  I  fear  that  the  sum  total  would  be  as  deserving 
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of  swift  judgment  as  at  the  time  of  the  Restoration. 
And  it  would  be  our  duty  to  explain  once  more,  and 
this  time  not  without  shame,  that  we  have  no  reason 
to  believe  that  it  is  the  improvement  of  our  faith,  nor 
that  of  our  morals,  which  keeps  the  plague  from  our 
city ;  but,  again,  that  it  is  the  improvement  of  our 
natural  knowledge. 

We  have  learned  that  pestilences  will  only  take  up 
their  abode  among  those  who  have  prepared  unswept 
and  ungarnished  residences  for  them.  Their  cities  must 
have  narrow,  unwatered  streets,  foul  with  accumulated 
garbage.  Their  houses  must  be  ill-drained,  ill-lighted, 
Ul- ventilated.  Their  subjects  must  be  ill -washed,  ill- 
fed,  ill-clothed.  The  liondon  of  1()6*5  was  such  a  city. 
The  cities  of  the  East,  where  plague  has  an  enduring 
dwelling,  are  such  cities.  We,  in  later  times,  have 
learned  somewhat  of  Nature,  and  partly  obey  her. 
Because  of  this  partial  improvement  of  our  natural 
knowledge  and  of  that  fractional  obedience,  we  have 
no  plague ;  because  that  knowledge  is  still  very  imper- 
fect and  that  obedience  yet  incomplete,  typhus  is  our 
companion  and  cholera  our  visitor.  But  it  is  not 
presumptuous  to  express  the  belief  that,  when  our 
knowledge  is  more  complete  and  our  obedience  the 
expression  of  our  knowledge,  London  will  count  her 
centuries  of  freedom  from  typhus  and  cholera,  as  she 
now  gratefully  reckons  her  two  hundred  years  of 
ignorance  of  that  plague  which  swooped  upon  her 
thrice  in  the  first  half  of  the  seventeenth  century. 

Surely,  there  is  nothing  in  these  explanations  which 
is  not  fully  borne  out  by  the  facts  ?  Surely,  the  prin- 
ciples involved  in  them  are  now  admitted  among  the 
fixed  beliefs  of  all  thinking  men?  Surely,  it  is  true 
that  our  countrymen  are  less  subject  to  fire,  famine, 
pestilence,  and  all  the  evils  which  result  from  a  wont 
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of  command  over  and  due  anticipation  of  the  course  of 
Nature,  than  were  tlie  countrymen  of  Milton  ;  and  health, 
wealth,  and  well-being  are  more  abundant  with  us  than 
with  them  ?  But  no  less  certainly  is  the  difference  duo 
to  the  improvement  of  our  knowledge  of  Nature,  and 
the  extent  to  which  that  improved  knowledge  has  been 
incorporated  with  the  household  words  of  muu,  and  has 
supplied  the  springs  of  their  daily  actions. 

Granting  for  a  moment,  then,  the  truth  of  that  which 
the  depreciators  of  natural  knowledge  are  so  fond  of 
urgmg,  that  its  improvement  can  only  add  to  the  resources 
of  our  material  civilization ;  admitting  it  to  be  possible  that 
the  founders  of  the  Royal  Society  themselves  looktid  for 
no  other  reward  than  this,  I  cannot  confess  that  I  was 
guilty  of  exaggeration  when  I  hinted,  that  to  Lim  who 
had  the  gift  of  distinguishing  between  prominent  events 
and  important  events,  the  origin  of  a  combined  effort 
on  the  part  of  mankind  to  improve  natural  knowledge 
might  have  loomed  lar<?er  than  the  Placrue  and  have  out- 
shone  the  glare  of  the  Fire ;  as  a  something  fraught  with 
a  wealth  of  beneficence  to  mankind,  in  comparison  with 
which  the  damage  done  by  those  ghastly  evils  would 
shrink  into  insignificance. 

It  is  very  certain  that  for  every  victim  slain  by 
the  plague,  hundreds  of  mankind  exist  and  find  a  fair 
share  of  happiness  in  the  world,  by  the  aid  of  the 
spinning  jenny.  And  the  great  fire,  at  its  worc>t,  could 
not  have  burned  the  supply  of  coal,  the  daily  working 
of  which,  in  the  bowels  of  the  earth,  made  possible  by  the 
steam  pump,  gives  rise  to  an  amount  of  wealth  to  which 
the  millions  lost  in  old  London  are  but  as  an  old  song. 

But  spinning  jenny  and  steam  pump  are,  after  all,  but 
toys,  possessing  an  accidental  value  ;  and  natural  know* 
ledge  creates  multitudes  of  more  subtle  contrivances,  the 
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praises  of  which  do  not  happen  to  be  sung  because  they 
are  not  directly  convertible  into  instruments  for  creating 
wealth.  When  I  contemplate  natural  knowledge  squan- 
dering such  gifts  among  men,  the  only  approi)riate| 
comparison  I  can  find  for  her  is,  to  liken  her  to  such  a 
peasant  woman  as  one  sees  in  the  Alps,  striding  ever 
upward,  heavily  burdened,  and  with  mind  bent  only  on 
her  home ;  but  yet,  without  etfort  and  without  thought, 
knitting  for  her  children.  Now  stockings  are  good  and 
comfortable  things,  and  the  children  will  undoubtedly 
be  much  the  better  for  them;  but  surely  it  would  be 
short-sighted,  to  say  the  least  of  it,  to  depreciate  this 
toiling  mother  as  a  mere  stocking-machiiie — a  mere  I 
provider  of  physical  comforts  ? 

However,  there  are  blind  leaders  of  the  blind,  and  not  I 
a  few  of  them,  who  take  this  view  of  natural  knowledge, 
and  can  see  nothing  in  the  bountiful  mother  of  humanity 
but  a  sort  of  comfort-grinding  machine.  According  to 
them,  the  improvement  of  natural  knowledge  always  has 
been,  and  always  must  be,  synonymous  with  no  more 
than  the  improvement  of  the  material  resources  and  the  | 
increase  of  the  gratifications  of  men. 

Natural  knowledge  is,  in  their  eyes,  no  real  mother  of  I 
mankind,  bringing  them  up  with  kindness,  and,  if  need 
be,   with  sternness,  in   the   way  they   should  go,  and 
instructing  them  in  all  things  needful  for  their  welfare ; 
but  a  sort  of  fairy  godmother,  ready  to  furnish  her  pets 
with  shoes  of  swiftness,  swords  of  sharpness,  and  omni- 
potent Aladdin's  lamps,  so  that  they  may  have  telegraphs  I 
to  Saturn,  and  see  the  other  side  of  the  moon,  and  thank  | 
God  they  are  better  than  their  benighted  ancestors. 

If  this  talk  were  true,  I,  for  one,  should  not  greatly 
care  to  toil  in  the  service  of  natural  knowledge.  1  think  I 
1  would  just  as  soon  be  quietly  chipping  my  own  flint 
axe,  after  the  manner  of  my  forefathers  a  few  thousand 
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|y(  ars  back,  as  be  troubled  with  the  endless  malady  of 
It  bought  which  now  infests  us  all,  for  such  reward.  But 
jl  venture  to  say  that  such  views  are  contrary  alike  to 
Ircason  and  to  fact.  Those  who  discourse  in  sucdi  fashion 
[H'cm  to  me  to  be  so  intent  UT)on  trying  to  see  what  is 
labove  Nature,  or  what  is  behincl  her,  that  they  are  blind 
|to  what  stares  them  in  the  face,  in  her. 

I  should  not  venture  to  speak  thus  strongly  if  my 
[justification  were  not  to  be  found  in  the  simplest  and 
(inost  obvious  facts, — if  it  needed  more  than  an  api)eal 
Ito  the  most  notorious  truths  to  justify  my  assertion,  that 
jtlie  improvement  of  natural  knowledge,  whatever  direc- 
|tion  it  has  taken,  and  however  low  the  aims  of  those 

who  may  have  commenced  it — has  not  only  conferred 

practical  benefits  on  men,  but,  in  so  doing,  has  eflccted 
HI  revolution  in  their  conceptions  of  the  universe  and  of 
Ithcmsclves,  and  has  profoundly  altered  their  modes  of 
Ithinking  and  their  views  of  right  and  wrong.  I  say 
Ithat  natural  knowledge,  seeking  to  satisfy  natural  wants, 
jlias   found   the    ideas   which    can   alone   still    spiritual 

cravings.  I  say  that  natural  knowledge,  in  desiring  to 
^iscertain  the  laws  of  comfort,  has  been  driven  to  discover 

those  of  conduct,  and  to  lay  the  foundations  of  a  new 

uorality. 

Let  us  take  these  points  separately ;  and,  first,  what 
treat  ideas  has  natural  knowledge  introduced  into  men's 
linds  ? 

I  cannot  but  think  that  the  foundations  of  all  natural 
:uowledge  were  laid  when  the  reason  of  man  first  came 
face  to  face  with  the  facts  of  Nature  :  when  the  savage 
first  learned  that  the  fingers  of  one  hand  are  fewer  than 
bliose  of  both ;  that  it  is  shorter  to  cross  a  stream  than 
to  head  it ;  that  a  stone  stops  where  it  is  unless  it  be 
moved,  and  that  it  drops  from  the  hand  which  lets  it  go ; 
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that  light  and  heat  come  and  go  with  the  sun  ;  that 
sticks  l3urn  away  in  a  fire ;  that  plants  and  animals  grow 
and  die ;  that  if  he  struck  his  fellow-savaoje  a  blow  he 
would  make  him  angry,  and  perhaps  g(it  a  blow  in  return, 
while  if  he  offered  him  a  fruit  he  would  please  him,  and 
perhaps  receive  a  fish  in  exchange.  When  men  had 
JK  (juired  this  miich  knowledge,  the  outlines,  rude  though 
they  were,  of  mathematics,  of  physics,  of  chemistry,  of 
biology,  of  moral,  economical,  and  political  science,  were 
sketched.  Nor  did  the  germ  of  relifjion  fail  when 
science  began  to  bud.  Listen  to  words  which,  though | 
new,  are  yet  three  thousand  years  old  : — 

"...  When  in  heaven  the  stars  about  the  moon 
Look  beautiful,  when  all  the  winds  are  hiid, 
And  every  height  coiues  out,  and  jutting  peak 
And  valley,  and  the  immeasurable  heavens 
Break  open  to  their  highest,  and  all  the  stars 
Shine,  and  the  shepherd  gladdens  in  his  heart."  » 

If  the  half-savaopc  Greek  could  share  our  feel  in  2^3  thus 
far,  it  is  irrational   to  doubt  that  he  went  further,  to 
find,  as   we   do,  that   upon    that   brief  gladness   there 
follows  a  certain  sorrow, — the  little  light  of  awakened 
human  intelligence  shines  so  mere  a  spark  amidst  the| 
abyss  of  the  unknown  and  unknowable ;  seems  so  in- 
sufficient to  do  more  than  illuminate  the  imperfections  I 
that  cannot  be  remedied,  the  aspirations  that  cannot  be 
realized,  of  man's  own  nature.     But  in  this  sadness,  this! 
consciousness  of  the  limitation  of  man,  this  sense  of  an  I 
open  secret  which  he  cannot  penetrate,  lies  the  essence  of 
all  religion;  and  the  attempt  to  embody  it  in  the  forms 
furnished  by  the  intellect  is  the  origin  of  the  higher | 
theoloo'ies. 

Thus   it  seems  impossible   to  imagine   but  that  the 
foundations  of  all  knowledge — secular  or  sacred — were! 

^  Need  it  be  said  that  this  is  Tennyson's  English  for  Homer's  Greek  ? 
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laid  when  intelligence  dawned,  though  the  superstructure 
I  remained  for  long  ages  so  slight  and  feeble  as  to  be 
compatible  with  the  existence  of  almost  any  general 
I  view  respecting  the  mode  of  governance  of  the  universe. 
No  doubt,  from  the  first,  there  were  certain  phoenomena 
which,  to  the  rudest  mind,  presented  a  constancy  of 
occurrence,  and  suggested  that  a  fixed  order  ruled,  at 
any  rate,  among  them.  I  doubt  if  the  grossest  of  Fetish 
worshippers  ever  imagined  that  a  otone  must  have  a 
god  within  it  to  make  it  fall,  or  that  a  fruit  had  a  god 
within  it  to  make  it  taste  sweet.  With  regard  to  sucli 
matters  as  these,  it  is  hardly  questionable  that  man- 
kind from  the  first  took  strictly  positive  and  scientific 
views. 

But,  with  respect  to  all  the  less  familiar  occurrences 
which  present  themselves,  uncultured  man,  no  doubt,  has 
always  taken  himself  as  the  standard  of  comparison,  as 
the  centre  and  measure  of  the  world ;  nor  could  he  well 
avoid  doing  so.  And  finding  that  his  apparently  un- 
caused will  has  a  powerful  effect  in  giving  rise  to  many 
occurrences,  he  naturally  enough  ascribed  other  and 
greater  events  to  other  and  greater  volitions,  and  came 
to  look  upon  the  world  and  all  that  therein  is,  as  the 
product  of  the  volitions  of  persons  like  himself,  but 
stronger,  and  capable  of  being  appeased  or  angered,  as 
he  himself  mi^rht  be  soothed  or  irritated.  Throuojh  such 
conceptions  of  the  plan  and  working  of  the  universe  all 
mankind  have  passed,  or  are  passing.  And  we  may  now 
consider,  what  has  been  the  effect  of  the  improvement 
of  natural  knowledge  on  the  views  of  men  who  have 
reached  this  stage,  and  who  have  begun  to  cultivate 
natural  knowledge  with  no  desire  but  that  of  "increasing 
Ijod's  honour  and  bettering  man  s  estate." 

For  example :  what  could  seem  wiser,  from  a  mere 
material  point  of  view,  more  innocent,  from  a  theological 
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one,  to  an  ancient  people,  than  that  they  should  learn  i 
the  exact  succession  of  the  seasons,  as  w.-irnin^^s  for  their 
husbandmen;  or  the  position  of  the  stars,   m  guides  to 
their  rude  navigators  1     But  what  has  grown  out  of  this 
search   for   natural   knowledge   of   so   merely  useful   a 
character?     You   all   know   the   reply.     Astronomy, — 
which  of  all  sciences  has  filled  men's  minds  with  general 
ideas   of   a   character   most  foreign  to  their  daily  ex- 
perience, and   has,  more   than   any   other,   rendered   it| 
impossible  for  them  to  accept  the  beliefs  of  their  fathers. 
Astronomy, — which   tells  them  that  this  so  vast   and 
seemingly  solid   earth  is   but  an   atom   among   atoms,  | 
whirling,  no  man  knows   whither,   through   illimitable 
space  ;  which  demonstrates  that  what  we  call  the  peace- 
ful  heaven   al)ove   us,   is  but  that  space,  filled  by  an 
infinitely  subtle  matter  whose  particles  are  seething  and 
surging,  like  the  waves  of  an  angry  sea;  which  opens! 
up  to  us  infinite   regions  where  nothing  is  known,  or 
ever  seems  to  have  been  known,  but  matter  and  force, 
operating  according  to  rigid  rules^J  which  leads  us  to  I 
contemplate    phfenomena  ~tlie    very    nature   of    which 
demonstrates  that  they  must  have  had  a  beginning,  and  I 
that  they  must  have   an  end,  but  the  very  nature   of 
which  also  proves  that  the  beginning  was,  to  our  concep- 
tions of  time,  infinitely  remote,  and  that  the  end  is  as! 
immeasurably  distant. 

But  it  is  not  alone  those  Avho  pursue  astronomy  who 
ask  for  bread  and  receive  ideas.  What  more  harmless 
than  the  attempt  to  lift  and  distribute  water  by  pumping 
it ;  what  more  absolutely  and  grossly  utilitarian  ?  But 
out  of  pumps  grew  the  discussions  about  Nature's 
abhorrence  of  a  vacuum ;  and  then  it  was  discovered 
that  Nature  does  not  abhor  a  vacuum,  but  that  air  has 
weight ;  and  that  notion  paved  the  way  for  the  doctrine 
that  all  matter  has  weight,  and  that  the  force  which 
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)roduccs  weight  is  co-extensive  with  the  universe, — in 
thort,  to  the  theory  of  universal  gravitation  and  endless 
force.  While  learning  how  to  handle  gases  led  to  the 
liscovery  of  oxygen,  and  to  modern  chemistry,  and  to 
[he  notion  of  the  indestructibility  of  matter. 

Again,  what  simpler,  or  more  absolutely  practical, 
|han  the  attempt  to  keep  th^^  axle  of  a  wheel  from 
leating  when  the  wheel  turns  round  very  fast?  Tlow 
iseful  for  carters  and  gig  drivers  to  know  something 
ibout  this ;  and  how  good  were  it,  if  any  ingenious 
)erson  would  find  out  the  cause  of  such  phoenomena, 
ind  thence  educe  a  general  remedy  for  them.  Such 
in  ingenious  person  was  Count  Rumford ;  and  he  and 
lis  successors  have  landed  us  in  the  theory  of  the  per- 
sistence, or  indestructibility,  of  force.  And  in  the  in- 
initely  minute,  as  in  the  infinitely  great,  the  seekers 
ifter  natural  knowledge,  of  the  kinds  called  physical  and 
fhemical,  have  everywhere  found  a  definite  order  and 
luccession  of  events  which  seem  never  to  be  infringed. 

And  how  has  it  fared  with  "  Physick  "  and  Anatomy? 
[ave  the  anatomist,  the  physiologist,  or  the  physician, 
/hose  business  it  has  been  to  devote  themselves  assi- 
luously  to  that  eminently  practical  and  direct  end,  the 
Alleviation  of  the  sufferings  of  mankind, — have  they 
)een  able  to  confine  their  vision  more  absolutely  to  the 
[trictly  useful  ?  I  fear  they  are  worst  offenders  of  all. 
""or  if  the  astronomer  has  set  before  us  the  infinite 
jiagnitude  of  space,  and  the  practical  eternity  of  the 
luration  of  the  universe;  if  the  physical  and  chemical 
)hilosophers  have  demonstrated  the  infinite  minuteness 
^f  its  constituent  parts,  and  the  practical  eternity  of 
jnatter  and  of  force  ;  and  if  both  have  alike  proclaimed 
[he  universality  of  a  definite  and  predicable  order  and 
luccession  of  events,  the  workers  in  biology  have  not 
|nly  accepted  all  these,  but  have  added  more  startlinrj 
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theses  of  tlicir  own.  For,  «is  the  astronomers  discover  iiil 
the  earth  no  centre  of  the  universe,  but  an  eccentricl 
speck,  so  the  naturalists  find  man  to  be  no  centre  o{| 
the  living  world,  but  one  amidst  endless  modifications 
of  life;  and  as  the  astronomer  observes  the  mark  oil 
practically  endless  time  set  upon  the  arrangements  ofl 
the  solar  system  so  the  student  of  life  finds  the  recordsl 
of  ancient  forms  of  existence  peopling  the  world  for  agesj 
which,  in  relation  to  human  experience,  are  infinite. 

Furthermore,  the  physiologist  finds  life  to  be  asl 
dependent  for  its  manifestation  on  particular  molecularl 
arrangements  as  any  physical  or  chemical  phoenomenon;! 
and,  wherever  he  extends  his  researches,  fixed  ordeil 
and  unchanging  causation  reveal  themselves,  as  plainly] 
as  in  the  rest  of  Nature. 

Nor  can  I  1.  A  that  any  other  fate  has  awaited  thel 
germ  of  Religion.  Arising,  like  all  other  kinds  oil 
knowledge,  out  of  the  action  and  interaction  of  man's 
mind,  with  that  which  is  not  man's  mind,  it  has  takenl 
the  intellectual  coverings  of  Fetishism  or  Pol5rtheism ;  oil 
Theism  or  Atheism ;  of  Superstition  or  Rationalism,! 
With  these,  and  their  relative  merits  and  demerits,  l| 
have  nothing  to  do ;  but  this  it  is  needful  for  myl 
purpose  to  say,  that  if  the  religion  of  the  present  differsi 
from  that  of  the  past,  it  is  because  the  theology  of  thel 
present  has  become  more  scientific  than  that  of  the  past;! 
because  it  has  not  only  renounced  idols  of  wood  and! 
idols  of  stone,  but  begins  to  see  the  necessity  of  breaking 
in  pieces  the  idols  built  up  of  books  and  traditions  anal 
fine-spun  ecclesiastical  cobwebs :  and  of  cherishing  thel 
noblest  and  most  human  of  man's  emotions,  by  worship! 
**  for  the  most  part  of  the  silent  sort"  at  the  altar  of  the| 
Unknown  and  Unknowable. 

Such  are  a  few  of  the  new  conceptions  implanted  inl 
our  minds  by  the  improvement  of  natural  knowledge] 
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^len  have  acquired  the  ideas  of  the  practically  infinite 
extent  of  the  universe  and  of  its  practical  eternity ; 
they  are  fiimiliar  with  the  conception  that  our  earth 
(s  but  an  infinitesimal  fragment  of  that  part  of  the 
miver.se  which  can  be  seen  ;  and  that,  nevertheless,  its 
luration  is,  as  compared  with  our  standards  of  time, 
Infinite.  They  have  further  acquired  the  idea  that  man 
IS  but  one  of  innumerable  forms  of  life  now  existing  in 
the  globe,  and  that  the  present  existences  are  but  the 
last  of  an  immeasurable  series  of  predecessors.  ^lore- 
)ver,  every  step  they  have  made  in  natural  knowledge 
las  tended  to  extend  and  rivet  in  their  minds  the  con- 
ception of  a  definite  order  of  the  universe — which  is 
embodied  in  what  are  called,  by  an  unhappy  metaphor, 
the  laws  of  Nature — and  to  narrow  the  range  and 
loosen  the  furce  of  men's  belief  in  spontaneity,  or  in 
khanses  other  than  such  as  arise  out  of  that  definite 
)rder  itself. 

Whether  these  ideas  are  well  or  ill  founded  is  not  the 
question.  No  one  can  deny  that  they  exist,  and  have 
)een  the  inevitable  outgrowth  of  the  improvement  of 
latural  knowlodoje.  And  if  so,  it  cannot  be  doubted 
lat  they  are  changing  the  form  of  men's  most  cherished 
^nd  most  important  convictions. 

And  as  regards  the  second  point — the  extent  to  which 

[he  improvement  of  natural  knowledge  has  remodelled 

]nd  altered  what  may  be  termed  the  intellectual  ethics 

ff  men, — what  are  among  the  moral  convictions  most 

)ndly  held  by  barbarous  and  semi-barbarous  people  ? 

They  are  the  convictions  that  authority  is  the  soundest 
[asis  of  belief;  that  merit  attaches  to  a  readiness  to 
[elieve  ;    that    the  doubting  disposition   is   a  bad  one, 

id  scepticism  a  sin  ;  that  when  good  authority  has 
[ronounced  what  is  to  be  believed,  and  faith  has  ac- 
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cepted  it,  reason  has  no  further  duty.  There  are  manj 
excellent  persons  who  yet  hold  by  these  principles,  andl 
it  is  not  my  present  business,  or  intention,  to  discus/ 
their  views.  All  I  wish  to  bring  clearly  before  youJ 
minds  is  the  unquestionable  fact,  that  the  improvementl 
of  natural  knowledge  is  effected  by  methods  whictl 
directly  give  the  lie  to  all  these  convictions,  and  assumtl 
the  exact  reverse  of  each  to  be  true. 

The  improver  of  natural  knowledge  absolutely  refuses| 
to  acknowledge  authority,  as  such.  For  him,  scepticisi 
is  the  highest  of  duties  ;  blind  faith  the  one  unpardonJ 
able  sin.  And  it  cannot  be  otherwise,  for  eveiy  great| 
advance  in  natural  knowledge  has  involved  the  absolut 
rejection  of  authority,  the  cherishing  of  the  keenestl 
scepticism,  the  annihilation  of  the  spirit  of  blind  faith 
and  the  most  ardent  votary  of  science  holds  his  firmesJ 
convictions,  not  because  the  men  he  most  venerate^ 
hold  them ;  not  because  their  verity  is  testified  by 
portents  and  wonders ;  but  because  his  experience  teachei 
him  that  whenever  he  chooses  to  bring  these  conviction! 
into  contact  with  their  primary  source.  Nature — when] 
ever  he  thinks  fit  to  test  them  by  appealing  to  experimenj 
and  to  observation — Nature  will  confirm  them.  ThJ 
man  of  science  has  learned  to  believe  in  justificatioi 
not  by  faith,  but  by  verification. 

Thus,  without  for  a  moment  pretending  to  despis 
the  practical  results  of  the  improvement  of  natural 
knowledge,  and  its  beneficial  influence  on  material  civilil 
zation,  it  must,  I  think,  be  admitted  that  the  great 
ideas,  some  of  which  I  have  indicated,  and  the  ethical 
spirit  which  I  have  endeavoured  to  sketch,  in  the  fe\i 
moments  which  remained  at  my  disposal,  constitute  thj 
real  and  permanent  significance  of  natural  knowledge. 

If  these  ideas  be  destined,  as  I  believe  they  are,  t(j 
be  more  and  more  firmly  established  as  the  world  gro\YJ 
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)kler;  if  that  spirit  be  fated,  as  I  believe  it  is,  to 
?xtcnd  itself  into  all  departments  of  human  thought,  and 
to  become  co-extensive  with  the  range  of  knowledge  ;  if, 
IS  our  race  approaches  its  maturity,  it  discovers,  as  I  be- 
lieve it  will,  that  there  is  l)ut  one  kind  of  knowledge  and 
hut  one  method  of  acquiring  it ;  then  we,  who  are  still 
'hildren,  may  justly  feel  it  our  highest  duty  to  recognise 
tlie  advisablencss  of  improving  natural  knowledge,  and 
50  to  aid  ourselves  and  our  successors  in  their  course 
towards  the  noble  goal  which  lies  before  mankind. 
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EMANCIPATION— BLACK  AND  WHITE. 

Quashie's  plaintive  inquiry,  "  Am  I  not  a  man  and  J 
brother  1 "  seems  at  last  to  have  received  its  final  reply- 
the  recent  decision  of  the  fierce  trial  by  battle  on  tlil 
other  side  of  the  Atlantic  fully  concurring  with  that  loii  j 
since  delivered  here  in  a  more  peacefid  wny. 

The  question  is  settled ;  but  even  those  who  are  mo^j 

thoroughly  convinced  that  the  doom  is  just,  must  sil 

good  grounds  for  repudiating  half  the  arguments  whlcij 

have   been   employed   by   the    winning   side ;    and  foj 

doubting  whether  its  ultimate  results  will  embody  tlij 

hopes  of  the  victors,  though  they  may  more  than  realizl 

the  fears  of  the  vanquished.     It  mny  be  quite  true  thai 

some  negroes  are  better  than  some  white  men ;  but  iij 

rational  man,  cognizant  of  the  facts,  believes  that  till 

average  negro  is  the  equal,  still  less  the  superior,  of  tlij 

average  white  man.     And,  if  this  be  true,  it  is  simplj 

incredible  that,  wlien  all  his  disabilities  are  removed,  aiil 

our  prognathous  relative  has  a  fair  field  and  no  favoul 

as  well  as  no  oppressor,  he  Avill  be   able   to  competj 

successfully  with  his  bigger-brained  and  smaller-jawel 

rival,  in  a  contest  which  is  to  be  carried  on  by  thouglij 

and  not  by  bites.     The  highest  places  in  the  hierarchy 

civilization  will  assuredly  not  be  within  the  reach  of  oij 

dusky  cousins,  though  it  is  by  no  means  necessary  thJ 
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that,  even  in  physical  beauty,  man  is  the  su[>orior.  He 
itlmitted,  indeed,  that  there  was  a  brief  period  of  early 
routh  when  it  might  be  hard  to  sny  whether  the  prize 
should  be  awarded  to  tlie  graceful  unduhitions  of  the 
•male  figure,  or  tlie  perfectt  balance;  and  supj^le  vigour  of 
the  male  frame.  But  while  our  new  Paris  might  hesitate 
)etween  the  youthful  Bacchus  and  tlie  Venus  emerging 
from  the  foam,  he  averred  that,  when  Venus  and  Bacchus 
had  reached  thirty,  the  point  no  longer  admitted  of  a 
Ifloubt ;  the  male  form  having  then  attained  its  greatest 
lobility,  while  the  female  is  far  gone  in  decadence  ;  and 
that,  at  this  epoch,  womanly  beauty,  so  far  as  it  is  inde- 
)endent  of  grace  or  expression,  is  a  question  of  drapery 
md  accessories. 

Supposing,  however,  that  all  these  arguments  have  a 
certain  founchition  ;  admitting  for  a  moment,  that  they 
lare  comparable  to  those  by  which  the  inferiority  of  the 
Iriegro  to  the  white  man  may  be  demonstrated,  are  they 
lof  any  value  as  against  woman-emancipation  ?  Do  they 
lafTord  us  the  smallest  ground  for  refusing  to  educate 
[women  as  well  as  men — to  give  women  the  same  civil 
land  political  rights  as  men  ?  No  mistake  is  so  commonly 
Imade  by  clever  people  as  that  of  assuming  a  cause  to  be 
Ihad  because  the  arguments  of  its  suj)porters  are,  to  a 
[great  extent,  nonsensical.  And  we  conceive  that  those 
Kvho  may  laugh  at  the  arguments  of  the  extreme 
philogynists,  may  yet  feel  bound  to  work  heart  and  soul 
I  towards  the  attainment  of  their  practical  ends. 

As  regards  education,  for  example.  Granting  the 
I  alleged  defects  of  women,  is  it  not  somewhat  absurd  to 
sanction  and  maintain  a  system  of  education  which 
[would  seem  to  have  been  specially  contrived  to  ex- 
la  ogcrate  all  these  defects  % 

Naturally  not  so  firmly  strung,  nor  so  well  balanced, 
jas  boys,  girls  are  in  great  measure  debarred  from  the 
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desire  us  to  look  up  to  the  feminine  moral  sense  as  the 
purer  and  the  nobler ;  and  bid  man  abdicate  his  usurptHl 
sovereignty  over  Nature  in  favour  of  the  female  line. 
On  the  other  hand,  there  are  persons  not  to  be  outdone 
in  all  loyalty  and  just  respect  for  woman-kind,  but  by 
nature  hard  of  head  and  haters  of  delusion,  however! 
charming,   who   not   only   repudiate   the   new   woman- 
worship  which  so  many  sentimentalists  and  some  philo- 
sophers are  desirous  of  setting  up,  but,  carrying  their  I 
audacity  further,  deny  even  the  natural  equality  of  the 
sexes.     They   assert,    on  the   contrary,   that  in  every 
excellent  character,   whether  mental    or    physical,   thoi 
averacje  woman  is  inferior  to  the  average  man,  in  the 
sense  of  having  that  character  less  in  quantity,  and  lower 
in  quality.  Tell  these  persons  of  the  rapid  perceptions  and 
the  instinctive  intellectual  insight  of  women,  and  they 
reply  that  the  feminine  mental  peculiarities,  which  pass 
under  these  names,  are  merely  the  outcome  of  a  greater 
impressibility  to  the  superficial  aspects  of  things,  and  of 
die  absence  of  that  restraint  upon  expression,  which,  in 
men,  is  imposed  by  reflection  and  a  sense  of  responsibility,  i 
Talk  of  the  passive  endurance  of  the  weaker  sex,  and] 
opponents  of  this  kind  remind  you  that  Job  was  a  man, 
and  that,  until  quite  recent  times,  patience  and  long- 
suffering  were  not  counted  among  the  specially  feminine  I 
virtues.       Claim    passionate    tenderness    as    especially 
feminine,  and  the  inquiry  is  made  whether  all  the  best 
love-poetry  in  existence  (except,  perhaps,  the  "Sonnets 
from  the  Portuguese " )  has  not  been  written  by  men ; 
whether  the  song  which  embodies  the  ideal  of  pure  and| 
tender  passion — Adelaida — was  written  by  Frau  Beeth- 
oven ;   whether  it  was  the  Fornarina,  or  Raphael,  whol 
painted  the  Sistine  Madonna.     Nay,  we  have  known  one 
such  heretic  go  so  far  as  to  lay  his  hands  upon  the  arkl 
itself,  so  to  speak,  and  to  defend  the  startling  paradoxl 
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they  should  be  restricted  to  the  lowest.  But  whatever 
the  position  of  stable  equilibrium  intu  which  the  laws  of 
social  gravitation  may  bring  the  negro,  all  responsibility 
for  the  result  will  henceforward  lie  between  Nature  and 
him.  The  white  man  may  wash  his  hands  of  it,  and  the 
Caucasian  conscience  be  void  of  reproach  for  evermore. 
And  this,  if  we  look  to  the  bottom  of  the  matter,  is  the 
real  justification  for  the  abolition  policy. 

The  doctrine  of  equal  natural  rights  may  be  an  illogical 
delusion ;  emancipation  may  convert  the  slave  from  a 
well  fed  animal  into  a  pauperised  man  ;  mankind  may 
even  have  to  do  without  cotton  shirts  ;  but  all  these  evils 
must  be  faced,  if  the  moral  law,  that  no  human  being 
can  arbitrarily  dominate  over  another  without  grievous 
damage  to  his  own  nature,  be,  as  many  think,  as  readily 
demonstrable  by  experiment  as  any  physical  truth.  If 
this  be  true,  no  slavery  can  be  abolished  without  a  double 
emancipation,  and  the  master  will  benefit  by  freedom 
more  than  the  freed-man. 

The  like  considerations  apply  to  all  the  other  questions 
of  emancipation  which  are  at  present  stirring  the  world — 
the  multifarious  demands  that  classes  of  mankind  shall 
be  relieved  from  restrictions  imposed  by  the  artifice  of 
man,  and  not  by  the  necessities  of  Nature.  One  of  the 
most  important,  if  not  the  most  important,  of  all  these,  is 
that  which  daily  threatens  to  become  the  "  irrepressible  " 
woman  question.  What  social  and  political  rights  have 
women  ?  What  ought  they  to  be  allowed,  or  not  allowed 
to  do,  be,  and  suffer  ?  And,  as  involved  in,  and  under- 
lying all  these  questions,  how  ought  they  to  be  educated? 

There  are  philogynists  as  fanatical  as  any  *'  misogu- 
nists"  who,  reversing  our  antiquated  notions,  bid  the 
man  look  upon  the  woman  as  the  higher  type  of 
humanity ;  who  ask  us  to  regard  the  female  intellect  as 
the  clearer  and  the  quicker,  if  not  the  stronger;  who 
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Sports  ami  physical  exorcises  which  are  justly  thouglit 
alisolutcly  iie('essary  for  the  full  dovelopniciit  of  the 
vigour  of  the  more  favoured  sex.  Women  an^  by  nature,! 
more  cxeital)le  than  men — prone  to  ])v,  swept  by  tides  of 
emotion,  proceeding  from  lii<ld(!n  and  inward,  as  well  as 
from  obvious  and  ext<'rnal  causes;  and  female  education! 
does  its  b(;st  to  weaken  ev(;ry  physical  counterpoise  to 
this  nervous  mobility — tends  in  all  ways  to  stimulate  tho 
emotional  part  of  the  mind  and  stunt  the  rest.  We  find 
girls  naturally  timid,  inclined  to  de[»en(lence,  born  con- 
servatives;  and  we  teach  them  that  indei)endence  is  I 
unladylike  ;  that  blind  faith  is  the  right  frame  of  mind  ; 
and  that  whatever  we  may  be  ixu'niittcid,  and  indeed 
encouraged,  to  do  to  our  brother,  our  sister  is  to  be  left. 
to  the  tyranny  of  authority  and  tradition.  With  few- 
insignificant  exceptions,  [;iris  have  been  educated  either  I 
to  be  drudges,  or  toys,  ben;'alh  man  ;  or  a  sort  of  angels 
above  him:  the  hiii-hest  ideal  'vinKid  at  oscillatinir  between 
Cliirchen  and  P>eatri(;e.  The  possibility  that  the  ideal  of| 
womanhood  lies  neither  in  the  fair  saint,  nor  in  the  fair 
sinner ;  that  the  female  type  of  charac^ter  is  neither  j 
better  nor  worse  than  tho  male,  but  only  weaker ;  that 
wom(?n  are  meant  neither  to  be  men's  guides  nor  their 
playthings,  but  their  comract^o,  their  fellows  and  their 
equals,  so  far  as  Nature  puts  no  bar  to  that  equality,  does 
not  seem  to  have  entered  into  the  minds  of  those  who 
have  had  the  conduct  of  the  education  of  girls. 

If  the  present  system  of  female  education  stands  self- 
condemned,  as  inherently  absurd ;  and  if  that  which  wo 
have  just  indicated  is  the  true  position  of  woman,  what 
is  the  first  step  towards  a  better  state  of  things?  AVe 
reply,  emancipate  girls.  Kecognise  the  fact  that  they 
share  the  senses,  perceptions,  feelings,  reasoning  powers, 
emotions,  of  boys,  and  that  the  mind  of  the  average  girl] 
is  less  dill'erent  from  tliat  of  the  average  boy,  than  the 
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minrl  of  one  boy  is  from  that  of  laiiothor ;  so  flint  wluit- 
cvor  Jirgumont  justifies  a  given  rdiujitioii  for  all  hoys, 
iustificH  its  Mpplicution  to  girls  as  well.  So  far  from 
'imposing  artificial  restrictions  n])on  the  aeqiiirenicnt  of 
knowledge  hy  women,  throw  every  taeility  in  their  way. 
Let  our  Kaustinus,  if  th(iy  will,  toil  through  the  whole 
ruiuid  of 

**tTnristor('i  niul  Modizin, 
Uiid  loklcr  !  uucli  rhilo80i)hio. " 

Lot  US  liavc  "sweet  girl  graduates"  hy  all  menns.  They 
will  ho  none  the  less  sweet  for  a  little  wisdom  ;  and  the 
"golden  hair"  will  not  curl  less  gracefully  outside  the 
head  by  reason  of  there  being  brains  within.  Nay,  if 
obvious  practical  difiiculties  can  be  overcome,  let  those 
women  who  feel  inclincMl  to  do  so  descend  into  the 
gladiatorial  arena  of  life,  not  merely  in  the  guise  of 
rctlavUu,  as  heretofore,  but  as  bold  slcaviwy  breasting  the 
open  fray.  Let  them,  if  they  so  please,  become  mer- 
ciiants,  barristers,  politicians.  Let  them  have  a  fair  field, 
hut  let  them  miderstand,  as  the  necessary  correlative, 
tliat  they  are  to  have  no  favour.  Let  Nature  alone  sit 
high  above  the  lists,  *'  rain  influence  and  judge  the 
prize." 

x\nd  the  result?  For  our  pnrts,  though  loth  to 
prophesy,  we  believe  it  will  be  that  of  other  emanci- 
pations. Women  will  find  their  place,  and  it  will  neither 
be  that  in  which  tliciy  have  been  held,  nor  that  to  which 
some  of  them  aspire.  Nature's  old  salique  law  will  not 
be  repealed,  and  no  change  of  dynasty  will  bo  effected. 
The  big  chests,  the  massive  brains,  the  vigorous  muscles 
and  stout  frames,  of  the  best  men  wdll  carry  the  day, 
whenever  it  is  worth  their  while  to  contest  the  prizes  of 
hfe  with  the  best  women.  And  the  hardship  of  it  is, 
that  the  very  improvement  of   the  women  will  lessen 


(  f 


% 


I 


■■■■'I 

( 


■■^'  \ 


l;.K 


il 


;  > 


Iv 


lit 
,1) 


K, 


.  V 


■4. 


li. 


'ill' 


I  II  r 


M'li 


26 


Ur  SERMONS,  ADDRESSES,  AND  REVIEWS. 


[". 


their  chances.  Better  mothers  will  bring  forth  better 
sons,  and  the  impetus  gained  by  the  one  sex  will  be 
transmitted,  in  the  next  generation,  to  the  other.  The 
most  Darwinian  of  theorists  will  not  venture  to  pro- 
pound the  doctrine,  that  the  physical  disabilities  under 
which  women  have  hitherto  laboured,  in  the  struggle  for 
existence  with  men,  are  likely  to  be  removed  by  even  the  | 
most  skilfully  conducted  process  of  educational  selection. 

We  are,  indeed,  fully  prepared  to  believe  that  the! 
bearing  of  children  may,  and  ought,  to  become  as  free 
from  danger  and  long  disability,  to  the  civilized  woman,  i 
as  it  is  to  the  savage ;  nor  is  it  improbable  that,  as  | 
society  advances  towards  its  right  organization,  mother- 
hood will  occupy  a  less  space  of  woman's  life  than  it  has  ] 
hitherto  done.  But  still,  unless  the  human  species  is  to  I 
come  to  an  end  altogether — a  consummation  which  can 
hardly  be  desired  by  even  the  most  ardent  advocate  of| 
**  women's  rights  " — somebody  must  be  good  enough  to 
take  the  trouble  and  responsibility  of  annually  adding  to 
the  world  exactly  as  many  people  as  die  out  of  it.  In 
consequence  of  some  domestic  difficulties,  Sydney  Smith 
is  said  to  have  suggested  that  it  would  have  been  good 
for  the  human  race  had  the  model  offered  by  the  hive 
been  followed,  and  had  all  the  working  part  of  the  female 
community  been  neuters.  Failing  any  thorough-going 
reform  of  this  kind,  we  see  nothing  for  it  but  the  old 
division  of  humanity  into  men  potentially,  or  actually, 
fathers,  and  women  potentially,  if  not  actually,  mothers. 
And  we  fear  that  so  long  as  this  potential  motherhood  is 
her  lot,  woman  will  be  found  to  be  fearfully  weighted  in 
the  race  of  life.  ^-    ^       -  ^-^y^*  ^; 

The  duty  of  man  is  to  see  that  not  a  grain  is  piled 
upon  that  load  beyond  what  Nature  imposes;  that 
injustice  is  not  added  to  inequality. 


Vf 


III. 

A  LIBERAL  EDUCATION ;  AND 
WHERE  TO  FIND  IT, 

The  business  which  the  South  London  Working  Men's 
College  has  undertaken  is  a  great  work ;  indeed,  I  might 
say,  that  Education,  with  which  that  college  proposes  to 
grapple,  is  the  greatest  work  of  all  those  which  lie  ready 
[to  a  man's  hand  just  at  present. 

And,  at  length,  this  fact  is  becoming  generally  recog- 
inised.  You  cannot  go  anywhere  without  hearing  a  buzz 
I  of  more  or  less  confused  and  contradictory  talk  on  this 
subject — nor  can  you  fail  to  notice  that,  in  one  point  at 
any  rate,  there  is  a  very  decided  advance  upon  like 
[discussions  in  former  days.  Nobody  outside  the  agri- 
cultural interest  now  dares  to  say  that  education  is  a 
bad  thing.  If  any  representative  of  the  once  large  and 
powerful  party,  which,  iu  former  days,  proclaimed  this 
opinion,  still  exists  in  a  semi-fossil  state,  he  keeps  his 
thoughts  to  himself.  In  fact,  there  is  a  chorus  of  voices, 
almost  distressing  in  their  harmony,  raised  in  favour  of 
the  doctrine  that  education  is  thr  great  panacea  for 
human  troubles,  and  that,  if  the  country  is  not  shortly 
to  go  to  the  dogs,  everybody  must  be  educated. 

The  politicians  tell  us,  "  you  must  educate  the  masses 
because  they  are  going  to  be  masters."  The  clergy  join 
in  the  cry  lor  education,  for  they  affirm  that  the  people 
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are   drifting   away   from   church   and   chapel   into   the 
broadest  infidelity.     The  manufacturers  and  the  capita- 1 
lists  swell  the  chorus  lustily.     They  declare  that  igno- 
rance makes  bad  workmen ;  that  England  will  soon  he  I 
unable   to   turn   out   cotton    goods,   or   steam   engines,] 
cheaper  than  other  people ;  and  then,  Ichabod  !  Ichabod ! 
the  glory  will  be  departed  from  us.     And  a  few  voices 
are  lifted  up  in  fivour  of  the  doctrine  that  the  masses] 
should  be  educated  because  they  are  men  and  women 
with  unlimited  capacities  of  being,  doing,  and  suffering, 
and  that  it  is  as  true  now,  as  ever  it  was,  that  the  people 
perish  for  lack  of  knowledge. 

These  members  of  the  minority,  with  whom  I  confess] 
I  have  a  good  deal  of  sympatliy,  are  doubtful  whether  | 
any  of  the  other  reasons  urged  in  favour  of  the  education 
of  the  people  are  of  much  value — whether,  indeed,  some 
of  them  are  based  upon  either  wise  or  noble  grounds  oil 
action.     They  question  if  it  be  wise  to  tell  people  that 
you  will  do  for  them,  out  of  fear  of  their  power,  what 
you  have  left  undone,  so  long  as  your  only  motive  was] 
compassion  for  their  weakness  and  their  sorrows.    And,  if 
Ignorance  of  everything  which  it  is  needful  a  ruler  should 
know  is  likely  to  do  so  much  harm  in  the  governing | 
classes  of  the  future,  why  is   it,   they   ask   reasonably 
enough,  that  such  ignorance  in  the  governing  classes  of  I 
the  past  has  not  been  viewed  with  equal  horror  % 

Compare  the  average  artisan  and  the  average  country 
squire,  and  it  may  be  doubted  if  you  will  find  a  pin  to  I 
choose  between  the  two  in  point  of  ignorance,  class 
feeling,  or  prejudice.  It  is  true  that  the  ignorance  is  of 
ii  different  sort — that  the  class  feelinij  is  in  favour  of  a 
different  class,  and  that  the  prejudice  has  a  distinct 
favour  of  wrong-headedness  in  each  case — but  it  is 
questionable  if  the  one  is  either  a  bit  better,  or  a  bit 
worse  than  the  other.     The  old  protectionist  theory  is 
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the  doctrine  of  trades  unions  as  applied  by  the  squires, 
and  the  modern  trades  unionism  is  the  doctrine  of  the 
squires  applied  by  the  artisans.  Why  should  we  be 
worse  off  under  one  regime  than  under  the  other  ? 

Again,  this  sceptical  minority  asks  the  clergy  to  think 
whether  it  is  really  want  of  education  which  keeps  the 
masses  away  from  their  ministrations — whether  the  most 
completely  educated  men  are  not  as  open  to  reproach  on 
this  score  as  the  workmen  ;  and  whether,  perchance,  this 
may  not  indicate  that  it  is  not  education  which  lies  at 
the  bottom  of  the  matter  ? 

Once  more,  these  people,  whom  there  is  no  pleasing, 
venture  to  doubt  whether  the  glory,  which  rests  upon 
being  able  to  undersell  all  the  rest  of  the  world,  is  a  very 
safe  kind  of  glory — whether  we  may  not  purchase  it  too 
dear ;  especially  if  we  allow  education,  which  ought  to 
be  directed  to  the  making  of  men,  to  be  diverted  into  a 
process  of  manufacturing  human  tools,  wonderfully  adroit 
in  the  exercise  of  some  technical  industry,  but  good  for 
nothing  else. 

And,  finally,  these  people  inquire  whether  it  is  the 
masses  alone  who  need  a  reformed  and  improved  educa- 
tion. They  ask  whether  the  richest  of  our  public  schools 
might  not  well  be  made  to  supply  knowledge,  as  well  as 
gentlemanly  habits,  a  strong  class  feeling,  and  eminent 
proficiency  in  cricket.  They  seem  to  think  that  the  nol)le 
foundations  of  our  old  universities  are  hardly  fulfilling 
their  functions  in  their  present  posture  of  half-clerical 
seminaries,  half  racecourses,  where  men  are  trained  to 
win  a  senior  wrangiershin,  or  n  double-first,  as  horses  are 
trained  to  win  a  cup,  with  as  little  reference  to  the  nerds 
of  after-life  in  the  cr.se  of  the  man  as  in  that  of  the 
racer.  And,  while  as  zealous  for  education  as  the  rest, 
they  affirm  that,  if  the  education  of  the  richer  classes 
were   such   as  to   fit  them  to  be  the  leaders  and   the 
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governors  of  the  poorer ;  and,  if  the  education  of  thei 
poorer  classes  were  such  as  to  enable  them  to  appreciate 
really  wise  guidance  and  good  governance ;  the  politicians 
need  not  fear  mob-law,  nor  the  clergy  lament  their  want 
of  flocks,  nor  the  capitalists  prognosticate  the  annihilation! 
of  the  prosperity  of  the  country. 

Such  is  the  diversity  of  opinion  upon  the  why  and  the  I 
wherefore  of  education.  And  my  hearers  will  be  pre- 
pared to  expect  that  the  practical  recommendations 
which  are  put  forward  are  not  less  discordant.  There  is 
a  loud  cry  for  compulsory  education.  We  English,  in 
spite  of  constant  experience  to  the  contrary,  preserve  a 
touching  faith  in  the  efficacy  of  acts  of  parliament ;  and 
I  believe  we  should  have  compulsory  education  in  the 
course  of  next  session,  if  there  were  the  least  probability 
that  half  a  dozen  leading  statesmen  of  different  parties 
would  agree  what  that  education  should  be. 

Some  hold  that  education  without  theology  is  worse  than 
none.  Others  maintain,  quite  as  strongly,  that  educa- 
tion with  theology  is  in  the  same  predicament.  But  this 
is  certain,  that  those  who  hold  the  first  opinion  can  by  no 
means  agree  what  theology  should  be  taught ;  and  that 
those  who  maintain  the  second  are  m  a  small  minority. 

At  any  rate  "make  people  learn  to  read,  write,  and 
cipher,"  say  a  great  many ;  and  the  advice  is  un- 
doubtedly sensible  as  far  as  it  goes.  But,  as  has 
happened  to  me  in  former  days,  those  who,  in  despair  of 
getting  anything  better,  advocate  this  m.easure,  are  met 
with  the  objection  that  it  is  very  like  making  a  child 
practise  the  use  of  a  kniie,  fork,  and  spoon,  without 
giving  it  a  particle  of  meat.  I  really  don't  know  what 
reply  is  to  be  made  to  such  an  objection. 

But  it  would  be  unprofitable  to  spend  more  time  in 
disentangling,  or  rather  in  showing  up  the  knots  in,  the 
ravelled  skeins  of  our  neighbouiu     Sluch  more  to  the 
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purpose  is  it  to  ask  if  we  possess  any  clue  of  our  own 
which  may  guide  us  among  these  entanglements.  And 
by  way  of  a  beginning,  let  us  ask  ourselves — What  is 
education  ?  Above  all  things,  what  is  our  ideal  of  a 
thoroughly  liberal  education  { — of  that  education  which, 
if  we  could  begin  life  again,  we  would  give  ourselves — 
of  that  education  which,  if  we  could  mould  the  fates  to 
our  own  will,  we  would  give  our  children.  AVell,  I  know 
not  what  may  be  your  conceptions  upon  this  matter, 
but  I  will  tell  you  mine,  and  I  hope  I  shall  find  that  our 
views  are  not  very  discrepant. 

Suppose  it  were  perfectly  certain  that  the  life  and 
fortune  of  every  one  of  us  would,  one  day  or  other, 
depend  upon  his  winning  or  losing  a  game  at  chess. 
Don't  you  think  that  we  should  all  consider  it  to  be  a 
primary  duty  to  learn  at  least  the  names  and  the  moves 
of  the  pieces ;  to  have  a  notion  of  a  gambit,  and  a  keen 
eye  for  all  the  means  of  giving  and  getting  out  of  check? 
Do  you  not  think  that  we  should  look  with  a  disappro- 
bation amounting  to  scorn,  upon  the  father  who  allowed 
his  son,  or  the  state  which  allowed  its  members,  to  grow 
up  without  knowing  a  pawn  from  a  knight  ? 

Yet  it  is  a  very  plain  and  elementary  truth,  that  the 
life,  the  fortune,  and  the  happiness  of  every  one  of  us, 
and,  more  or  less,  of  those  who  are  connected  with  us,  do 
depend  upon  our  knowing  something  of  the  rules  of  a 
game  infinitely  more  difficult  and  complicated  than  chess. 
It  is  a  game  which  has  been  played  for  untold  ages,  every 
man  and  woman  of  us  being  one  of  the  two  players  in  a 
game  of  his  or  her  own.  The  chess-board  is  the  world, 
the  pieces  are  the  phenomena  of  the  universe,  the  rules 
of  the  game  are  what  we  call  the  laws  of  Nature.  The 
player  on  the  other  side  is  hidden  from  us.  We  know 
that  his  play  is  always  fair,  just,  and  patient.     But  also 
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we  know,  to  our  cost,  that  he  never  overlooks  a  mistake, 
or  makes  the  smallest  allowance  for  ignorance.  To  the 
man  who  plays  well,  the  highest  stakes  are  paid,  with  that 
sort  of  overflowing  generosity  with  which  the  strong 
shows  delight  in  strength.  And  one  who  plays  ill  is 
checkmated — without  haste,  but  without  remorse. 

My  metaphor  will  remind  some  of  you  of  the  famous 
picture  in  which  Rctzsch  has  depicted  Satan  playing  at 
chess  with  man  for  his  soul.  Substitute  for  the  mockina 
fiend  in  that  picture,  a  calm,  strong  angel  who  is  playi'ig 
for  love,  as  we  say,  and  would  rather  lose  than  win — and 
I  should  accept  it  as  an  image  of  human  life. 

Well,  what  I  mean  by  Education  is  learning  the  rules 
of  this  mighty  game.  In  other  words,  education  is  the 
instruction  of  tlio  intellect  in  the  laws  of  Nature,  under 
which  name  I  include  not  merely  things  and  their  forces, 
but  men  and  their  ways ;  and  the  fashioning  of  the 
affections  and  of  the  will  into  an  earnest  and  lovinir 
desire  to  move  in  harmony  with  those  laws.  For  me, 
education  means  neither  more  nor  less  than  this.  Any- 
thing which  professes  to  call  itself  education  must  l3e 
tried  by  this  standard,  and  if  it  fails  to  stand  the  test,  1 
will  not  call  it  education,  whatever  may  be  the  force  of 
authority,  or  of  numbers,  upon  the  other  side. 

It  is  important  to  remember  that,  in  strictness,  there 
is  no  such  tliinoj  as  an  uneducated  man.  Take  an  ex- 
treme  case.  Suppose  that  an  adult  man,  in  the  full 
vigour  of  his  faculties,  could  be  suddenly  placed  in  the 
world,  as  Adam,  is  said  to  have  been,  and  then  left  to 
do  as  he  best  mioht.  How  lonsj  would  he  be  left 
uneducated?  Not  live  minutes.  Nature  would  begin 
to  teach  him,  through  the  eye,  the  ear,  the  touch,  the 
properties  of  objects.  Pain  and  pleasure  would  be  at  his 
elbow  telling  him  to  do  this  and  avoid  that;  and  by  slow 
degrees  the  man  would  receive  an  education,  which,  if 
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larrow,  would  be  thorough,  real,  and  adequate  to  his 
jircumstances,  though  there  would  be  no  extras  and  very 
jew  accomplishments. 

And  if  to  this  solitary  man  entered  a  second  Adam, 
)r,  better  still,  an  Eve,  a  new  and  greater  world,  that  of 
locial  and  moral  phenomena,  would  be  revealed.  Joys 
md  woes,  compared  with  which  all  others  might  seem 
)ut  faint  shadows,  would  spring  from  the  new  relations, 
[appiness  and  sorrow  would  take  the  place  of  the 
joarser  monitors,  pleasure  and  pain ;  but  conduct  would 
^till  be  shaped  by  the  observation  of  the  natural  conse- 
juences  of  actions;  or,  in  other  words,  by  the  laws  of 
the  nature  of  man. 

To  every  one  of  us  the  world  was  once  as  fresh  and 
lew  as  to  Adam.     And  then,  long  before  we  were  sus- 
ceptible of  any  other  mode  of  instruction.  Nature  took 
IS  in  hand,  and  every  minute  of  waking  life  brought  its 
jducational  influence,  shaping   our  actions   into  rough 
iccordance  with  Nature's  laws,  so  that  we  might  not  be 
mded  untimely  by  too  gross  disobedience.     Nor  should 
speak  of  this  process  of  education  as  past,  for  any  one, 
)e  he  as  old  as  he  may.     For  every  man,  the  world  is  as 
resh  as  it  was  at  the  first  day,  and  as  full  of  untold 
lovelties  for  him  who  has  the  eyes  to  see  them.     And 
lature  is  still  continuing  her  patient  education  of  us  in 
[hat  great  university,  the  universe,  of  which  we  are  all 
lembers — Nature  having  no  Test-Acts. 
Those  who  take  honours  in  Nature's  university,  who 
jam  the  laws  which  govern  men  and  things  and  obey 
[hem,  are  the  really  great  and  successful  men  in  this 
prld.     The  great  mass  of  mankind  are  the  '*  Poll,"  who 
)ick  up  just  enough  to  get  through  without  much  dis- 
credit.    Those  who  won't  learn  at  all  are  plucked ;  and 
len  you  can't  come  up  again.     Nature's  pluck  means 
Jxtermination. 
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Thus  the  question  of  compulsory  education  is  scttlcJ 
so  far  as  Nature  is  concerned.  Her  bill  on  that  questioJ 
was  frame  1  and  passed  long  ago.  But,  like  all  coml 
pulsory  legislation,  that  of  Nature  is  harsh  and  wastefiJ 
in  its  operation.  Ignorance  is  visited  as  sharply  al 
wilful  disobedience — incapacity  meets  with  the  sam] 
punishment  as  crime.  Nature's  discipline  is  not  even, 
word  and  a  blow,  and  the  blow  first ;  but  the  blo\i 
without  the  word.  It  is  left  to  you  to  find  out  wli|| 
your  ears  are  boxed. 

The  object  of  what  we  commonly  call  education — thai 
education  in  which  man  intervenes  and  which  I  shall 
distinguish  as  artificial  education — is  to  make  good  thed 
defects  in  Nature's  methods;  to  prepare  the  child  t(( 
receive  Nature's  education,  neither  incapably  nor  igno 
tantly,  nor  with  wilful  disol)edience ;  and  to  understand 
the  preliminary  symptoms  of  her  displeasure,  withou| 
waiting  for  the  box  on  the  ear.  In  short,  all  artificia 
education  ought  to  be  an  anticipation  of  natural  educa] 
tion.  And  a  liberal  education  is  an  artificial  educatioii 
which  has  not  only  prepared  a  man  to  escape  tli(| 
great  evils  of  disobedience  to  natural  laws,  but  ha 
trained  him  to  appreciate  and  to  seize  upon  the  rewards 
which  Nature  scatters  with  as  free  a  hand  as  hei| 
penalties. 

That  man,  I  think,  has  had  a  liberal  education,  wIkI 
has  been  so  trained  in  youth  that  his  body  is  the  readj 
servant  of  his  will,  and  does  with  ease  and  pleasure  all 
the  work  that,  as  a  mechanism,  it  is  capable  of ;  whosJ 
intellect  is  a  clear,  cold,  logic  engine,  with  all  its  parti 
of  equal  strength,  and  in  smooth  working  order ;  read)| 
like  a  steam  engine,  to  be  turned  to  any  kind  of  worli 
and  spin  the  gossamers  as  well  as  forge  the  anchors  o| 
the  mind ;  whose  mind  is  stored  with  a  knowledge 
the  great  and  fundamental  truths  of  Nature  and  of  tliJ 
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laws  of  licr  operations;  one  who,  no  stimtod  nf^nctlc,  itJ 
full  of  life  and  fiie,  but  whose  passions  aie  trained  to 
;ome  to  heel  by  a  vigorous  will,  the  .servant  of  a  tender 
jonseienee;  who  has  learned  to  love  all  beauty,  whether 
>t'  Nature  or  of  art,  to  hate  all  vileness,  and  to  respeet 

hers  as  himself. 

Sueh  an  one  «nnd  no  othei',  I  conceive,  has  had  a  liberal 
tducation ;  for  he  is,  as  coni})letely  as  a  man  can  be,  in 
larmony  with  Nature.  He  will  make  the  best  of  her, 
md  she  of  him.  They  will  get  on  together  rarely ;  she 
^s  his  ever  beneficent  mother ;  he  as  her  mouth-piece, 
ler  conscious  self,  her  minister  and  interpreter. 

"Where  is   such   an   education   as   this   to    be    had  ? 

^here  is  there  any  approximation  to  it '?     Has  any  one 

I'ied  to  found  such  an  education  ?     Looking  over  the 

mgth  and  breadth  of  these  islands,  T  am  afraid  that  all 

[hcjC  questions  must  receive  a  negative  answer.     Con- 

[icler  our  primary  schools,  and  what  is  taught  in  them. 

child  learns  : — 

1.  To  read,  write,  and  cipher,  more  or  less  well;  but 
a  very  large  proportion  of  cases  not  so  well  as  to  take 

pleasure  in  reading,  or  to  be  able  to  write  the  commonest 
2tter  properly. 

2.  A  quantity  of  dogmatic  theology,  of  which  the 
(lild,  nine  times  out  of  ten,  understands  next  to  nothing. 

3.  Mixed  up  with  this,  so  as  to  seem  to  stand  or  fall 
[ith  it,  a  few  of  the  broadest  and  simplest  principles  of 
lorality.     This,  to  my  mind,  is  much  as  if  a  man  of 

[ence  should  make  the  story  of  the  fall  of  the  apple  in 
Wton's  garden,  an  integral  part  of  the  doctrine  of 
^vitation,  and  teach  it  as  of  equal  authority  with  the 

of  the  inverse  squares. 

.  A.  good  deal  of  Jewish  history  and  Syrian  geo- 
raphy,  and,  perhaps,  a  litth^.  something  about  English 
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history  and  the  geography  of  tlie  child's  own  conntrvl 
But  I  doubt  if  there  is  a  primary  school  in  England  J 
which  hangs  a  map  of  the  hundred  in  which  the  villagj 
lies,  so  that  the  children  may  be  practically  taught  by 
what  a  map  means. 

5.  A  certain  amount  of  regularity,  attentive  obedicncpJ 
respect  for  others  :  obtained  by  fear,  if  the  master  be  inl 
competent  or  foolish ;  by  love  and  reverence,  if  he  be  wist| 

So  far  as  this  school  course  embraces  a  training 
the  theory  and  practice  of  obedience  to  the  moral  law^ 
of  Nature,  I  gladly  admit,  not  only  that  it  contains 
valuable  educational  element,  but  that,  so  far,  it  dcalj 
with  the  most  valuable  and  important  part  of  all  educi 
tion.  Yet,  contrast  what  is  done  in  this  direction  witj 
what  might  be  done  ;  with  the  time  given  to  matters 
comparatively  no  importance ;  with  the  absence  of  aiij 
attention  to  things  of  the  highest  moment ;  and  one  il 
tempted  to  think  of  Falstaff's  bill  and  "the  halfpennj 
worth  of  bread  to  all  that  quantity  of  sack." 

Let  us  consider  what  a  child  thus  "  educated  "  kno\\'j 
and  what  it  does  not  know.     Begin  with  the  most  ii 
portant  topic  of  all — morality,  as  the  guide  of  conduej 
The  child  knows  well  enough  that  some  acts  meet  witl 
approbation  and  some  with  disapprobation.     But  it  lia| 
never  heard  that  there  lies  in  the  nature  of  things 
reason  for  every  moral  law,  as  cogent  and  as  well  detiiie 
as  that  which  underlies  every  physical  law  ;  that  stealiiii 
and  lying  are  just   as  certain  to  be  followed  by  e^i 
consequences,  as  putting  your  hand  in  the  fire,  or  junii 
ing  out  of  a  garret  window.     Again,  though  the  scholi 
may  have  been  made  acquainted,  in  dogmatic  fashioij 
with  the  broad  laws  of  morality,  he  has  had  no  trainiii 
in  the  application  of  those  laws  to  the  difficult  problei 
which  result  from  the  complex  conditions  of   modeii 
civilization.    Would  it  not  be  very  hard  to  expect  any  on 
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\o  solve  a  prol)lcm  in  conie  sections  who  hnrl  merely  been 
taiif^lit  the  axioms  and  definitions  of  mathematical  science? 

A  workman  has  to  bear  hard  labour,  and  perhaps 
)rivation,  while  he  sees  others  rolling  in  wealth,  and 
feeding  their  dogs  with  what  would  keep  his  children 
from  starvation.  Would  it  not  be  well  to  have  helped 
that  man  to  calm  the  natural  promptings  of  discontent 
|)y  showing  him,  in  his  youth,  the  necessary  connexion 
)f  the  moral  law  which  prohibits  stealing  with  the 
jtability  of  society — by  proving  to  him,  once  for  all,  that 
(t  is  better  for  his  own  people,  better  for  himself,  better 
tor  future  generations,  that  he  should  starve  than  steal  ? 
If  you  have  no  foundation  of  knowledge,  or  habit  of 
thought,  to  work  upon,  what  chance  have  you  of  persua- 
ling  a  hungry  man  that  a  capitalist  is  not  a  thief  "  with 

circumbendibus  ? "  And  if  he  honestly  believes  that,  of 
rhat  avail  is  it  to  quote  the  commandment  against  steal- 
ing, when  he  proposes  to  make  the  capitalist  disgorge  ? 

Again,  the  child  learns  absolutely  nothing  of  the 
listory  or  the  political  organization  of  his  own  country. 
[is  general  impression  is,  that  everything  of  much,  im- 
)ortance  happened  a  very  long  while  ago ;  and  that  the 
Jiieen  and  the  gentlefolks  govern  the  country  riiuf^h 
ifter  the  fashion  of  King  David  and  the  elders  and 
lobles  of  Israel — his  sole  models.  Will  you  give  a  man 
|i'ith  this  much  information  a  vote  ?  In  easy  times  he 
ills  it  for  a  pot  of  beer.  Why  should  he  not  ?  It  is  of 
^bout  as  much  use  to  him  as  a  chignon,  and  he  knows  as 
luch  what  to  do  with  it,  for  any  other  purpose.  In  bad 
Bmes,  on  the  contrary,  he  applies  his  simple  theory  of 
rovernment,  and  believes  that  his  rulers  are  the  cause  of 
lis  sufferings — a  belief  which  sometimes  bears  remark- 
able practical  fruits. 

Least  of  all,  does  the  child  gather  from  this  primary 
'education"  of  ours  a  conception  of  the  laws  of  the 
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pliysleal  world,  or  of  the  relations  of  cause  aiiJ  cn'ccl 
therein.  And  this  is  the  more  to  be  lamented,  as  tLJ 
pour  arc  especially  expos<'d  to  ])hy.si('al  evils,  and  jirJ 
more  interested  in  removing  them  than  any  other  eln=-'| 
of  the  trommunity.  If  any  one  is  eoneerned  in  knowinj 
the  ordinary  laws  (jf  mechanics  onc^  wonld  think  it  is  ih 
hand-lal)ourer,  whose  daily  toil  lies  among  levers  niiJ 
pulleys  ;  or  among  the  other  implements  of  artisan  woikf 
And  if  any  one  is  interested  in  the  laws  of  health,  it  \\ 
the  poor  workman,  whose  strength  is  wasted  hy  ill-prc| 
pared  food,  >vhose  health  is  sap[)e(l  hy  bad  ventilation  aiJ 
bad  drainage,  and  half  whose  children  are  mnssacred  bvl 
disorders  which  might  be  pn^vented.  Not  only  does  oun 
present  primary  education  carefully  abstain  from  hinting 
to  the  workman  tliat  some  of  his  greatest  evils  are  traci^ 
able  to  mere  physical  agencies,  which  could  be  removi 
by  energy,  patience,  and  frugality ;  but  it  does  worse- 
it  renders  him,  so  far  as  it  can,  deaf  to  those  who  coiil(| 
help  him,  and  tries  to  substitute  an  Oriental  submissioi 
to  what  is  falsely  declared  to  be  the  will  of  God,  for  bij 
natural  tendency  to  strive  after  a  better  condition. 

What  wonder  then,  if  very  recently,  an  appeal  ha 
been  made  to  statistics  for  the  profoundly  foolish  piiil 
pose  of  showing  that  education  is  of  no  good — that  i| 
diminishes  neither  misery,  nor  crime,  among  the  masses  ol 
mankind  ?  I  reply,  why  should  the  thing  which  liaj 
been  called  education  do  either  the  one  or  the  other  1 
I  am  a  knave  or  a  fool,  teaching  me  to  read  and  wriij 
won't  make  me  less  of  either  one  or  the  other — unle( 
somebody  shows  me  how  to  put  my  reading  and  writii 
to  wise  and  good  purposes. 

Suppose  any  one  were  to  argue  that  medicine  is  of  il 
use,  because  it  could  be  proved  statistically,  that  till 
percentage  of  deaths  was  just  the  same,  among  peopll 
who  had  been  taught  how  to  open  a  medicine  chest,  anj 
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among  tlin.=;o  who  did  not  so  miioli  as  know  tbc  koy  l)y 
hi'flit.  Tlu;  ar^iunent  is  alwurd ;  but  it  is  not  mure 
|)iv[)08tcT0u.s  tluiu  that  ngainHt  which  I  uni  contending. 
The  only  medicine  for  Huflering,  crime,  and  all  the  (jther 
Avocs  of  mankind,  is  wisdom.  Teach  a  man  to  read  and 
write,  and  you  have  put  into  his  liands  tlie  great  keys  of  • 
the  wisdom  box.  JUit  it  is  quite  another  matter  whether 
he  ever  opens  the  box  or  not.  And  he  is  as  likely  to 
poison  as  to  cure  himself,  if,  without  guidance,  ho 
swallows  the  first  drug  that  comes  to  hand.  In  these 
times  a  man  may  as  well  be  purblind,  as  unable  to  read 
lame,  as  unable  to  write.  But  I  protest  that,  if  I 
thought  the  alt(irnative  were  a  necessaiy  one,  I  would 
rather  that  tlie  children  of  the  poor  should  grow  up 
Jignorant  of  both  these  mighty  arts,  than  that  they  should 
Ircmain  ignorant  of  that  knowledge  to  which  these  arts 
la  re  means. 
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It  may  bo   said  that  all  those  animadversions  may 

|api)ly  to  primary  schools,  but  that  the  higher  schools,  at 

lany  rate,  must  be  allowed  to  give  a  liberal  education. 

pii  fact,  they  professedly  sacrifice  everything  else  to  this 

)bject. 

Let  us  inquire  into  this  matter.  What  do  the  higher 
schools,  those  to  which  the  great  middle  class  of  the 
|country  sends  it  children,  teach,  over  and  above  the  in- 
struction given  in  the  primary  schools  ?  There  is  a  little 
lore  reading  and  writing  of  English.  But,  for  all  that, 
levery  one  knows  that  it  is  a  rare  thing  to  find  a  boy  of 
[the  middle  or  upper  classes  who  can  read  aloud  decently, 
lor  who  can  put  his  thoughts  on  paper  in  clear  and  gram- 
Iniatical  (to  say  nothing  of  good  or  elegant)  language. 
The  "  ciphering"  of  the  lower  schools  expands  into 
[elementary  mathematics  in  the  higher ;  into  arithmetic, 
dth  a  little  algebra,  a  little  Euclid.     But  I  doubt  if 
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one  boy  in  five  hundred  has  ever  heard  the  explanation 
of  a  rule  of  arithmetic,  or  knows  his  Euclid  otherwise  | 
than  by  rote. 

Of  theology,  the  middle  class  schoolboy  gets  rather  | 
less  than  poorer  children,  less  absolutely  and  less  rela- 
tively, because  there  are  so  many  other  claims  upon  his  I 
attention.  I  venture  to  say  that,  in  the  great  majority 
of  cases,  his  ideas  on  this  subject  when  he  leaves  school 
are  of  the  most  shadowy  and  vague  description,  and 
associated  with  painful  impressions  of  the  weary  hours  | 
spent  in  learning  collects  and  catechism  by  heart. 

Modern  geography,  modern  history,  modern  literature;! 
the  English  language  as  a  language  ;  the  whole  circle 
of  the  sciences,  physical,  moral,  and  social,  are  even 
more  completely  ignored  in  the  higher  than  in  the  lower 
schools.     Up  till  Avithm  a  few  years  back,  a  boy  might 
have  passed  through  any  one  of  the  great  public  schools 
with  the  greatest  distinction  and  credit,  and  might  never 
so  much  as  have  heard  of  one  of  the  subjects  I  have 
iust  mentioned.     He  might  never  have  heard  that  the 
earth  goes  round  the  sun ;   that  England  underwent  a 
great  revolution  in  1688,  and  France  another  in  1789; 
that  there  once  lived  certain  notable  men  called  Chaucer, 
Shakspeare,  Milton,  Voltaire,  Goethe,  SchiHer.     The  first 
might  be  a  German  and  the  last  an  Englishman  for  any-l 
thing  he  could  tell  you  to  the  contrary.     And  as  fori 
science,  the  only  idea  the  word  would  suggest  to  hisl 
mind  would  be  dexterity  in  boxing. 

I  have  said  that  this  was  the  state  of  things  a  fewl 
years  back,  for  the  sake  of  the  few  righteous  who  are| 
to  be  found  among  the  educational  cities  of  the  plain. [ 
But  I  would  not  have  you  too  sanguine  about  the  result,! 
if  you  sound  the  minds  of  the  existing  generation  of  I 
public  ecboolboys,  on  such  topics  as  those  I  have] 
mentioned. 
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Now  let  us  pause  to  consider  this  wonderful  state  of 
[affairs;  for  the  time  will  come  when  Englishmen  will 
[quote  it  as  the  stock  example  of  the  stolid  stupidity  of 
[their  ancestors  in  the  nineteenth  century.  The  most 
[thoroughly  commercial  people,  the  greatest  voluntary 
[wanderers  and  colonists  the  world  has  ever  seen,  are 
Iprecisely  the  middle  classes  of  this  country.  If  there  be 
la  people  which  has  been  busy  making  history  on  the 
[great  scale  for  the  last  three  hundred  years — and  the 
[most  profoundly  interesting  history — history  which,  if 
jit  happened  to  be  that  of  Greece  or  Rome,  v/3  should 
[study  with  avidity — it  is  the  English.  If  there  be  a 
[people  which,  during  the  same  period,  has  developed  a 
Iremarkable  literature,  it  is  our  own.  If  there  be  a 
[nation  whose  prosperity  depends  absolutely  and  wholly 
upon  their  mastery  over  the  forces  of  Nature,  upon  their 
intelligent  apprehension  of,  and  obedience  to,  the  laws 
of  the  creation  and  distribution  of  wealth,  and  of  the 
stable  equilibrium  of  the  forces  of  society,  it  is  pre- 
cisely this  nation.  And  jet  this  is  what  these  wonderful 
people  tell  their  sons  :— "  At  the  cost  of  from  one  to  two 
thousand  pounds  of  our  hard  earned  money,  we  devote 
[twelve  Oi  the  most  precious  years  of  your  lives  to  school. 
There  you  shall  toil,  or  be  supposed  to  toil ;  but  there 
you  shall  not  learn  one  single  thing  of  all  those  you  will 
most  want  to  know,  directly  you  leave  school  and  enter 
upon  the  practical  business  of  life.  You  will  in  all 
probability  go  into  business,  but  you  shall  not  know 
where,  or  how,  any  article  of  commerce  is  produced,  or 
the  difference  between  an  export  or  an  import,  or  the 
meaning  of  the  word  *  capital.'  You  will  very  likely  settle 
in  a  colony,  but  you  shall  not  know  whether  Tasmania 
[is  part  of  New  South  Wales,  or  vice  versd. 

"  Very  probably  you  may  become  a  manufacturer,  but 
[you  shall  not  be  provided   with  the  means  of  under- 
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standing  the  working  of  one  of  your  own  steam-engines, 
or  the  nature  of  the  raw  products  you  employ ;  and,] 
when  you  are  asked  to  buy  a  patent,  you  shall  not  havej 
the  slightest  means  of  judging  whether  the  inventor  is 
an  impostor  who  is  contravening  the  elementary  prin- 
ciples of  science,  or  a  man  who  will  make  you  as  ricli| 
as  Croesus. 

"  You  will  very  likely  get  into  the  House  of  Commons.! 
You  will  have  to  take  your  share  in  making  laws  which 
may  prove  a  blessing  or  a  curse  to  millions  of  men. 
But  you  shall  not  hear  one  word  respecting  ''-e  political 
organization  of  your  country;  the  meaning  of  the  con- 
troversy between  freetraders  and  protectionists  shall 
never  have  been  mentioned  to  you  ;  you  shall  not  so 
much  as  kno\r  iLat  there  are  such  things  as  economical! 
laws. 

"  The  mental  power  which  will  be  of  most  importance  I 
in  your  daily  life  will  be  the  power  of  seeing  things  as 
they  arc  without  regard  to  authority;  and  of  drawing 
accurate  general  conclusions  irom  particular  facts.  But 
at  school  and  at  college  you  shall  know  of  no  source  of  I 
truth  but  authority  ;  nor  exercise  your  reasoning  faculty 
upon  anything  but  deduction  f]."om  that  which  is  lai(i| 
down  by  authority. 

"  You  will  have  to  weary  your  soul  with  Avoi'k,  ancll 
many  a  time  eat  your  bread  in  sorrow  and  in  bitterness, 
and  you   shall  not  have  learned  to  take  refuge  in  the] 
great  source  of  pleasure  without  alloy,  the  serene  resting- 
place  for  worn  human  nature, — the  world  ot  art." 

Said  I  not  rightly  that  we  are  a  w^onderful  people? 
I  am  cjuite  prepared  to  allow,  that  education  entirely 
devoted  to  these  omitted  subjects  might  not  be  a  com- 
pletely liberal  education.  But  is  an  education  which  1 
ignores  them  all,  a  liberal  education?  Nay,  is  it  too 
much  to  say  that  the  education  which  should  embrace 
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these  subjects  and  no  others,  would  be  a  real  cduea- 
Ition,  though  an  incomplete  one;  while  an  education 
which  omits  them  is  really  not  an  education  at 
all,  but  a  more  or  less  useful  course  of  intellectual 
orymnastics  ? 

For  what  does  the  middle-class  school  put  in  the  place 
of  all  these  things  which  arc  left  out  \  It  substitutes 
what  is  usually  comprised  under  the  compendious  title 
Ci  the  *'  classics " — tliat  is  to  say,  the  languages,  the 
literature,  and  the  history  of  th  ancient  Greeks  and 
Romans,  and  the  googra[)liy  of  so  much  of  the  world 
[IS  was  known  to  these  two  great  nations  of  antiquity. 
Now,  do  not  expect  me  to  depreciate  the  earnest  and 
cnliahtcncd  pursuit  of  classical  learnino;.  I  have  not 
the  least  d(\sire  to  speak  ill  of  such  occupations,  nor 
any  sympathy  with  tiiose  who  run  them  down.  On 
tlie  contrary,  if  my  opportunities  had  lain  in  that  di-' 
roction,  there  is  no  investigation  into  which  I  could 
have  thrown  myself  with  greater  dvjlight  than  that  of 
antiquity. 

What  science  can  present  greater  attractions  than 
philology  ?  How  can  a  lover  of  literary  excellence  fail 
to  rejoice  in  the  ancient  masterpieces  ?  And  with  what 
consistency  could  I,  whose  business  lies  so  much  in  the 
attempt  to  decipher  the  past,  and  to  build  up  intelligible 
forms  out  of  the  scattered  fragments  of  long-extinct 
beings,  fail  to  take  a  sympathetic,  though  an  unlearned, 
interest  in  the  labours  of  a  Niebuhr,  a  Gibbon,  or  a 
Grote  ?  Classical  history  is  a  great  section  of  the  pa- 
Iseontology  of  man  ;  and  I  have  the  same  double  respect 
for  it  as  for  other  kinds  of  pahL^ontology — that  is  to  say, 
a  respect  for  the  facts  which  it  establishes  as  for  all 
facts,  and  a  still  greater  respect  for  it  as  a  preparation 
for  the  discovery  of  a  law  of  progress. 
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But  if  the  classics  were  taught   as  they  might  be 
taught — if  boys  and  girls  were  instructed  in  Greek  and} 
Latin,  not  merely  as  languages,  but  as  illustrations  of 
philological  science ;   if  a  vivid  picture  of  life  on  the 
shores  of  the  IMediterranean,  two  thousand  years  ago,  I 
were  imprinted  on  the  minds  of  scholars;  if  ancient 
history  were  taught,  not  as  a  weary  series  of  feuds  and 
fights,  but  traced  to  its  causes  in  such  men  placed  under 
such   conditions;  if,  lastly,  the  study   of  the   classical] 
books  were  followed  in  such  a  manner  as  to  impress  boys 
with  their  beauties,  and  with  the  grand  simplicity  of| 
their  statement  of  the  everlasting  problems  of  human 
life,  instead  of  with  their  verbal  and  grammatical  pecu- 
liarities ;  I  still  think  it  as  little  proper  that  they  should 
form  the  basis  of  a  liberal  education  for  our  contempo- 
raries, as  I  should  think  it  fitting  to  make  that  sort  of| 
palaeontology  with  which  1  am  familiar,  the  back-bone 
of  modern  education. 

It  is  wonderful  how  close  a  parallel  to  classical 
training  could  be  made  out  of  that  palaeontology  to  which 
I  refer.  In  the  first  place  I  could  get  up  an  osteological 
primer  so  arid,  so  pedantic  in  its  terminology,  so  alto- 
gether distasteful  to  the  youthful  mind,  as  to  beat  the 
recent  famous  production  of  the  head-masters  out  of 
the  field  in  all  there  excellences.  Next,  I  could  exercise 
my  boys  upon  easy  fossils,  and  bring  out  all  their 
powers  of  memory  and  all  their  ingenuity  in  the  applica- 
tion of  my  osteo-grammatical  rules  to  the  interpretation, 
or  construing,  of  those  fragments.  To  those  who  had 
reached  the  higher  classes,  I  might  supply  odd  bones 
to  be  built  up  into  animals,  giving  great  honour  and 
reward  to  him  who  succeeded  in  fabricating  monsters 
most  entirely  in  accordance  with  the  rules.  That 
would  answer  to  verse-making  and  essay-writing  in 
the  dead  languages. 
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To  be  sure,  if  a  great  comparative  anatomist  were 
I  to  look  at  these  fabrications  he  might  shake  his  head, 
or  laugh.  But  what  then  \  Would  such  a  catastrophe 
destroy  the  parallel?  What  thnik  you  would  Cicero, 
or  Horace,  say  to  the  production  of  the  best  sixth 
form  going?  And  would  not  Terence  stop  his  ears 
and  run  out  if  he  could  be  present  at  an  English  per- 
formance of  his  own  plays?  Would  Hamlet,  in  the 
mouths  of  a  set  of  French  actors,  who  should  insist 
on  pronouncing  English  after  the  fashion  of  their  own 
tongue,  be  more  hideously  ridiculous  ? 

But  it  will  be  said  that  I  am  forgetting  the  beauty,  and 
the  human  interest,  which  appertain  to  classical  studies. 
To  this  I  reply  that  it  is  only  a  very  strong  man  who 
can  appreciate  the  charms  of  a  landscape,  as  he  is 
toiling  up  a  steep  hill,  along  a  bad  road.  What  with 
short-windedness,  stones,  ruts,  and  a  pervading  sense 
of  the  wisdom  of  rest  and  be  thankful,  most  of  us 
have  little  enough  sense  of  the  beautiful  under  these 
circumstances.  The  ordinary  schoolboy  is  precisely  in 
this  case.  He  finds  Parnassus  uncommonly  steep,  and 
there  is  no  chance  of  his  having  much  time  or  inclination 
to  look  about  him  till  he  gets  to  the  top.  And  nine 
times  out  of  ten  he  does  not  get  to  the  top. 

But  if  this  be  a  fair  picture  of  the  results  of  classical 
teaching  at  its  best — and  I  gather  from  those  who 
have  authority  to  speak  on  such  matters  that  it  is  so — 
what  is  to  be  said  of  classical  teaching  at  its  worst, 
or  in  other  words,  of  the  classics  of  our  ordinary  middle- 
class  schools?^  I  will  tell  you.  It  means  getting  up 
endless  forms  and  rules  by  heart.  It  means  turning 
Latin  and  Greek  into  English,  for  the  mere  sake  of 
being  able  to  do  it,  and   without  the  smallest  regard 

^  For  a  justification  of  what  is  here  said  about  these  schools,  see  that 
valuable  book,  "  Essays  on  a  Liberal  Education,"  passim. 
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to  the  worth,  or  worthlcssncss,  of  the  author  read.  It] 
meatis  the  Icaniing  of  innumerable,  not  always  decent, 
fables  in  such  a  shape  that  the  meaning  they  once  had 
is  dried  up  into  utter  trash  ;  and  the  only  impression 
left  upon  a  boy's  mind  is,  that  the  people  who  believed 
such  things  must  have  b(}on  the  greatest  idiots  the 
world  ever  saw.  And  it  UK.'ans,  finally,  that  after  a 
dozen  years  spent  at  this  kind  of  work,  the  sufferer 
shall  be  incom])etent  to  interpret  a  passage  in  an  author 
he  has  not  already  got  u]) ;  that  he  shall  loathe  the 
siaht  of  a  Greek  or  Latin  book ;  and  that  he  shiill 
never  open,  or  think  of,  a  classical  writer  again,  until, 
wonderful  to  relate,  he  insists  upon  submitting  his] 
sons  to  tlie  same  process. 

These  be  your  gods,  0  Israel!  For  the  sake  of  this! 
net  lesult  (and  respi^'^tability)  the  British  father  denies 
his  children  all  the  knowledge  they  might  turn  to 
account  in  life,  not  merely  for  the  achievement  of 
vulgar  success,  but  for  guidance  in  the  great  crises  of 
human  existence.  This  is  the  stone  he  offers  to  those 
whom  he  is  bound  by  the  strongest  and  tenderest  ties| 
to  feed  with  bread. 
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If  primary  and  secondary  education  are  in  this  un- 
satisfactory state,  what  is  to  be  said  to  the  universities  \ 
This  is  an  awful  subject,  and  one  I  almost  fear  to 
touch  with  my  unhallowed  hands ;  but  I  can  teU  you 
what  those  say  who  have  authority  to  speak. 

The  Rector  of  Lincoln  College,  in  his  lately  published, 
valuable  "  Suggestions  for  Academical  Organization  with 
especial  reference  to  Oxford,"  tells  us  (p.  127) : — 

"The  colleges  were,  in  their  origin,  endowments, 
not  for  the  elements  of  a  general  liberal  education, 
but  for  the  prolonged  study  of  special  and  professional 
faculties  by  men  of  riper  age.     The   universities   em- 
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braced  both  these  objects.  The  colleges,  while  they 
incidentally  aided  in  elementary  education,  were  specially 
'devoted  to  the  highest  learning 

"  This  was  the  theory  of  the  middle-age  university  and 

I  the  design  of  collegiate  foundations  in  their  origin.    Timo 

and  circumstances  have  brought  about  a  total  change. 

The  colleges  no  longer  promote  the  researches  of  science, 

or  direct  professional  study.     Here  and   there   college 

walls  may   shelter  an   occasional   student,  but  not  in 

larger  proportions  than  may  be  found  in  private  life. 

Elementary  tenching   of  youths  under  twenty  is  now 

the  only   function    performed   by   the   university,   and 

almost  the  only  object  of  college  endowments.     Colleges 

jwere  homes  for  the  life-study  of  the  highest  and  most 

[abstruse  parts  of  knowledge.    They  have  become  boarding 

[schools  in  which  the  elements  of  the  learned  languages 

[are  taught  to  youths." 

If  Mr.  Pattison's  high  position,  and  his  obvious  love 
land  respect  for  his  university,  be  insufficient  to  convince 
the  outside  world  that  language  so  severe  is  yet  no 
more  than  just,  the  authority  of  the  Commissioners 
who  reported  on  the  University  of  Oxford  in  1850  is 
open  to  no  challenge.     Yet  they  write  : — 

"  It  is  generally  acknowledged  that  both  Oxford  and 
[the  country  at  large  suffer  greatly  from  the  absence  of  a 
body  of  learned  men  devoting  their  lives  to  the  cultivation 
I  of  science,  and  to  the  direction  of  academical  education. 

"  The  fact   that  so  few  books   of  profound  research 
I  emanate    from    the   University   of    Oxford,   materially/! 
1  impairs  its  character  as   a   seat  of  learning,  and   con-' 
|sequently  its  hold  on  the  respect  of  the  nation." 

Cambridge  can  claim  no  exemption  from  the  reproaches 

I  addressed  to  Oxford.     And  thus  there  seems  no  escape 

from  the  admission  that  what  we  fondly  call  our  great 

scats  of  learning  are  simply  "boarding  schools"   for 


I    ! 


I,    !  ! 


el    l:  i' 


H'lf 


■:\ 


I 


I 


1! 


48 


LAY  SEmrONS,  ADDRESSES,  AND  REFIETTS, 


bigger  boys  ;  that  learned  men  are  not  more  numerouJ 
in  them  than  out  of  them ;  that  the  advancement  of| 
knowledge  is  not  the  object  of  fellows  of  colleges; 
that,  in  the  philosophic  calm  and  meditative  stillnesjl 
of  their  grcenswarded  courts,  philosophy  does  not  thrive,! 
and  meditation  bears  few  fruits. 

It  is  my  great  good  fortune  to  reckon  amongst  mjl 
friends  resident  members  of  both  universities,  who  arcl 
men  of  learning  and  research,  zealous  cultivators  ofl 
science,  keeping  before  their  minds  a  noble  ideal  of  al 
university,  and  doing  tlieir  best  to  make  that  ideal  al 
reality ;  and,  to  me,  they  would  necessarily  typify  the! 
universities,  did  not  the  authoritative  statements  I  havel 
quoted  compel  me  to  believe  that  they  are  exceptional! 
and  not  representative  men.  Indeed,  upon  calm  conJ 
sideration,  several  cir<^-umstances  lead  me  to  think  that 
the  Rector  of  Lincoln  College  and  the  CommissioneKl 
cannot  be  far  wrong. 

I  believe  there  can  be  no  doubt  that  the  foreignerl 
who  should  wish  to  become  acquainted  with  the  scientific, 
or  the  literary,  activity  of  modern  England,  would  simplyl 
lose  his  time  and  his  pains  if  he  visited  our  universities! 
with  that  object. 

And,  as  for  works  of  profound  research  on  any  subject,! 
and,  above  all,  in  that  classical  lore  for  which  the! 
universities  profess  to  sacrifice  almost  everything  else, 
why,  a  third-rate,  povert}^-stricken  German  university! 
turns  out  more  produce  of  that  kind  in  one  year,  than] 
our  vast  and  wealthy  foundations  elaborate  in  ted. 

Ask  the  mun  who  is  investigating  any  question,  pro! 
foundly  and  thoroughly — ^be  it  historical,  philosophical, 
philological,  physical,  literary,  or  theological;  who  is 
trying  to  make  himself  master  of  any  abstract  subject 
(except,  perhaps,  political  economy  and  geology,  both 
of  which  are  intensely  Anglican  sciences)  whether  lie 
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not  compelled  to  read  half  a  dozen  times  as  many 
Jermnn,  as  English,  books  ?  And  whether,  of  these 
Iii(rlisli  books,  more  than  one  in  ten  is  the  work  of 
fellow  of  a  college,  or  a  professor  of  an  English 
inivcrsity  ? 

Is  this  from  any  lack  of  power  in  the  English  as 

liompnied   with   the    German    mind  ?    The    countrymen 

If  Grote   and   of   ^lill,   of  Faraday,  of  li()l)ert  Brown, 

If  Lyell,  and  of  Darwin,  to  go  no  further  back  than 

he  contemporaries  of  men  of  middle   age,  can   afford 

smile  at  such  a  suggestion.     England  can  show  now, 

Is  she  has  been  able  to  show  in  every  generation  since 

livilization  spread  over  the  West,  individual  men  who 

lokl  their  own  against  the  world,  and  keep  alive  the 

lid  tradition  of  her  intellectual  eminence. 

But,  in  the  majority  of  cases,  these  men  are  what 

ley  are  in  virtue  of  their  native  intellectual  force,  and 

[f  a  strength  of  character  which  will  not  recognise  impedi- 

icnts.      They   are  not   trained   in   the   courts   of  the 

fcniple  of  Science,  but  storm  the  walls  of  that  edifice  in 

11  sorts  of  irregular  ways,  and  with  much  loss  of  time 

id  power,  in  order  to  obtain  their  legitimate  positions. 

Our  universities  not  only  do  not  encourage  such  men ; 

lo  not  offer  them  positions,  in  which  it  should  be  their 

jighest  duty  to  do,  thoroughly,  that  which  they  are  most 

ipable  of  doing  ;  but,  as  far  as  possible,  university  train- 

ig  shuts  out  of  the  minds  of  those  among  them,  who 

re  subjected  to  it,  the  prospect  that  there  is  anything  in 

16  world  for  which  they  are  specially  fitted.     Imagine 

16  success  of  the  attempt  to  still  the  intellectual  hunger 

'  any  of  the  men  I  have  mentioned,  by  putting  before 

im,  as  the  object  of  existence,  the  successful  mimicry 

\  the  measure  of  a  Greek  song,  or  the  roll  of  Ciceronian 

tose !     Imagine   how   much   success   would   be   likely 

att'^nd  the  attempt  to  persuade  such  men,  that  the 
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('(lucation  which  IcikIs  to  perfection  in  such  elegancies 
is  ahmc  to  i)e  eaUed  culture;  while  the  facts  of  historv, 
the  process  of  thought,  the  conditions  of  moral  and! 
social  existence,  and  the  laws  of  physical  nature,  are! 
left  to  be  dealt  with  as  they  may,  by  outside  bar| 
barians  I 

It  is  not  thus  that   the   German   universities,    from! 
being  beneath  notice  a  century  ago,  hiive  become  what! 
they  are  now — the   most  intensely   cultivated   and  tlii 
most  productive  intellectual  corporations  the  world  hasi 


ever  seen. 


ni 


The  student  who  repairs  to  them  sees  in  the  list  ofl 
(dasses  and  of  professors  a  fair  picture  of  the  worldl 
of  knowledge.  Whatever  he  needs  to  know  there  il 
some  one  ready  to  teach  him,  some  one  competent  tol 
discipline  him  in  the  way  of  learning  ;  whatever  liiil 
special  bent,  let  him  but  be  able  and  diligent,  and  in 
due  time  he  shall  find  distinction  and  a  career.  Amongl 
his  professors,  he  sees  men  whose  names  are  knowDl 
and  revered  throughout  the  civilized  world ;  and  theif 
living  example  injects  him  with  a  noble  ambition,  and ; 
love  for  the  spirit  of  work. 

The   Germans    dominate   the   intellectual    world  U 

*1 

virtue  of  the  same  simple  secret  as  that  which  mada 
Napoleon  the  master  of  old  Europe.  They  have  declarJ 
la  carriere  ouverte  mix  talents,  and  every  Bursci 
marches  with  a  professor's  gown  in  his  knapsack,  m 
him  become  a  great  scholar,  or  man  of  science,  and 
ministers  will  compete  for  his  services.  In  GcrmanyJ 
they  do  not  leave  the  chance  of  his  holding  the  oliic| 
he  would  render  illustrious  to  the  tender  mercies  of 
hot  canvass,  and  the  final  wisdom  of  a  mob  of  couuti^ 
parsons. 

Tn  short,  in  Germany,  the  universities  are  exactly  wlia 
the  Picctor  of  Lincoln  and  the  Commicoioners  tell  ns  tli 
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5ngllsli  universities  are  not ;   that  is  to  say,  corporations 

of  learned  men  devoting  their  lives  to  the  cnltivation 

If  science,  and  the  direction   of  acjidcmical  education." 

fhcy  arc  not  "  boarding  schools  for  youths,"  nor  clerical 

jminaries ;    but  institutions  for  the   higher  culture  of 

icn,   in   which    the    theological   faculty  is  of  no  more 

iiportance,  or  prominence,  than  the   rest ;   and  which 

re  truly  "universities,"  since  they  striven  to  rei)resent 

|nd  embody   the   totality   of    human    knowledge,    and 

find  room  for  all  forms  of  int('lle(;tual  activity. 

^liiy  zealous  and  cloar-hea<l('d  reformers  like  Mr. 
hittison  succeed  in  their  noble  endeavours  to  shape 
\v  universities  towards  some  such  ideal  as  this,  without 
)siiig  what  is  valuable  and  distinctive  in  their  social 
)iie  !  But  until  they  have  succeeded,  a  liberal  education 
rill  be  no  more  obtaiiud)le  in  our  Oxford  and  Cambridge 
biiversities  than  in  our  public  schools. 

If  I  am  justified  in  my  conception  of  the  ideal  of  a 

theral  education ;    and  if  what  I  have  said  about  the 

isting  educational  institutions  of  the  country  is  also 

0,  it  is  clear  that  the  two  have  no  sort  of  relation 

one  another;   that  the  best  of  our  schools  and  the 

ost  complete   of    our   university   trainings   give   but 

narrow,  one-sided,  and  essentially  illiberal  education — 

hile  the  worst  give  wdiat  is  really  next  to  no  education 

all.      The    South    London    Working-Men's    College 

uld   not   copy  any  of  these  institutions  if  it  would. 

am  bold   enough   to   express  the  conviction  that  it 

ght  not  if  it  coukL 

For  wdiat  is  wanted  is  the  reality  and  not  the  mere 
me  of  a  liberal  education ;  and  this  College  must 
adily  set  before  itself  the  ambition  to  be  able  to 
(Yc  that  education  sooner  or  later.  At  present  we 
e  but   beginning,   sharpening   our   educational    took', 
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as  it  were,  and,  except  a  modicum  of  physical  scicncfj 
we  are  not  able  to  ofter  much  more  than  is  to  bo  four 
in  an  ordinary  school. 

Moral  and  social  science — one  of  the  greatest  anil 
most  fruitful  of  our  future  classes,  I  hope — at  prcsenj 
lacks  only  one  thing  in  our  programme,  and  that  is 
teacher.  A  considerable  want,  no  doubt ;  but  it  musl 
be  recollected  that  it  is  much  better  to  want  a  teachti 
than  to  want  the  desire  to  learn. 

Further,   we  need  what,  for  want  of  a  better  namJ 
T  must  call  Physical  Geography.     What  I  mean  is  thai 
which  the  Germans  call  ^^  Erdkunde"     It  is  a  descrip 
tion   of  the   earth,    of  its  place  and  relation   to   otliti 
bodies  ;  of  its  general  structure,  and  of  its  great  featurtj 
— winds,  tides,  mountains,  plains ;    of  the  chief  foi 
of  the  vegetable   and  animal  worlds,  of  the  varietia 
of  man.     It  is  the  peg  upon  which  the  greatest  quantitj 
of  useful  and  entertaining  scientific  information  can 
suspended. 

Literature  is  not  upon  the  College  programme ;  bii 
I  hope  some  day  to  see  it  there.  For  literature 
the  greatest  of  all  sources  of  refined  pleasure,  and  odI 
of  the  great  uses  of  a  liberal  education  is  to  enaljll 
us  to  enjoy  that  pleasure.  There  is  scope  enough  fJ 
the  purposes  of  liberal  education  in  the  study  of  ttl 
rich  treasures  of  our  own  language  alone.  All  tM 
is  needed  is  direction,  and  the  cultivation  of  a  refinej 
taste  by  attention  to  sound  criticism.  But  there 
no  reason  why  French  and  German  should  not 
mastered  sufficiently  to  read  what  is  worth  readiB 
in  those  languages,  with  pleasure  and  with  profit. 

And  finally,  by -and -by,  we  must  have  Historyl 
treated  not  as  a  succession  of  battles  and  dynasties! 
not  as  a  series  of  biographies ;  not  as  evidence  tM 
Providence  has  always  been  on  the  side  of  either  Wliia 
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^r  Tories ;   but  as  the  (levelopmcnt  of  man  iu  times 

)aat,  and  in  otiier  conditions  than  our  own. 

But,  as  it  is  one  of  th(i  principk'S  of  our  Collc'i^c  to 

self-supporting,  the  public  must  k'ad,  and  we  must 

(bllow,  in  these  matters.     If  my  hearers  take  to  lieart 

rliat   I   have   said  about  lil)eral  education,    they    will 

Icsirc  these  things,  and  I  doubt  not  we  shall  be  able. 

supply  them.     But   we  muat  wait  till  the  demand 

made. 
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IV. 

SCIENTIFIC  EDUCATION:  NOTES  OF  AN 
AFTER-DINNER  SPEECH. 

[Mr.  Thackerat,  talking  of  after-dinner  speeches,  has  lamented  tti 
"  one  never  can  recollect  tlie  fine  things  one  thought  of  in 
cab,"  in  going  to  the  place  of  entertainment.  I  am  not  aware  tli^ 
there  are  any  "  fine  thinj:;s "  in  the  following  pages,  but  such  i 
there  are  stand  to  a  speeoh  ■which  really  did  get  itself  spoken, , 
the  hospitable  table  of  the  Liverpool  Philomathic  Society,  more  j 
less  in  the  position  of  what  "one  thought  of  in  the  cab."] 

The  introduction  of  scientific  training  into  the  generj 
education   of   the    country   is    a   topic    upon   which 
could    not   have    spoken,    without   some   more   or  lei 
apologetic  introduction,  a  few   years   ago.      But  iipa 
this,  as  upon  other  matters,  public  opinion  has  of  lai 
undergone  a  rapid  modification.     Committees  of  bo| 
Houses  of  the  Legislature  have  asjreed  that  sometliic 
must  be  done  in  this  direction,  and  have  even  thro^Ti 
out  timid  and  falterinsj  suojorestions  as  to  what  shoull 
be  done ;   while  at  the  opposite  pole  of  society,  coi 
mittees  of  Avorking-men  have  expressed  their  convictkj 
that  scientific   training   is  the   one   thing   needful  fj 
their  advancement,  whether  as   men,  or  as   workmej 
Only  the  other  day,  it  was  my  duty  to  take  part 
the  reception  of  a  deputation  of  London  working  niej 
who  desired  to  learn  from  Sir  Roderick  Murchison,  ta 
Director  of  the  Royal  School  of  Mines,  whether  ii 
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oi'ojniizntion  of  the  Institution  in  Jermyn  Street  couM 
be  made  available  for  the  supply  of  that  scientific 
instruction,  the  need  of  which  could  not  have  heen 
ai)prehended,  or  stated,  more   clearly  than   it   was   l)y 

them. 

The  heads  of  colleges  in  our  great  Universities  (who 
have  not  the  reputation  of  being  the  most  mobile  of 
persons)  have,  in  several  cases,  thought  it  well  that, 
out  of  the  great  num1)er  of  honours  and  rewards  at 
their  disposal,  a  few  should  hereafter  be  given  to  the 
cultivators  of  the  physical  sciences.  Nay,  I  hear  that 
some  colleges  have  even  gone  so  far  as  to  appoint  one, 
or,  may  be,  two  special  tutors  for  tlie  purpose  of  putting 
the  fiicts  and  principles  of  physical  science  before  the 
undergraduate  mind.  x\nd  I  say  it  with  gratitude 
and  great  respect  for  those  eminent  pei'sons,  that  the 
head  masters  of  our  public  schools,  Eton,  Harrow, 
Winchester,  have  addressed  themselves  to  the  problem 
of  introducing  instruction  in  physical  science  among 
the  studies  of  those  great  educ^ational  bodies,  with 
iiuich  honesty  of  purpose  and  enlightenment  of  under- 
standing ;  and  I  live  in  hope  that,  before  long,  impor- 
I  tant  chanojes  in  this  direction  will  be  carried  into  eftect 
in  those  strongholds  of  ancient  prescription.  In  fact, 
such  changes  have  already  been  made,  and  physical 
science,  even  now,  constitutes  a  recognised  element  of 
the  school  curriculum  in  Harrow  and  Rugby,  whilst 
I  understand  that  ample  preparations  for  such  studies 
are  being  made  at  Eton  and  elsewhere. 

Looking  at  these  fiicts,  I  might  perhaps  spare  myself 
the  trouble  of  giving  any  reasons  for  the  introduction 
of  physical  science  into  elementary  education  ;  yet  I 
cannot  but  think  that  it  may  be  well,  if  I  place  before 
you  some  considerations  which,  perhaps,  have  hardly 
received  full  attention. 
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At  other  times,  and  in  other  places,  I  have  endeavoured 
to  state  the  higher  and  more  abstract  arguments,  hy 
which  the  study  of  physical  science  may  be  shown 
to  be  indispensable  to  the  complete  training  of  the 
human  mind ;  but  I  do  not  wish  it  to  be  supposed 
that,  because  I  happen  to  be  devoted  to  more  or  loss 
abstract  and  "unpractical"  pursuits,  I  am  insensible 
to  the  weight  which  oudit  to  be  attached  to  that  which 
has  been  said  to  be  the  English  conception  of  Paradise 
— "  namely,  getting  on."  I  look  upon  it,  that  "  getting 
on"  is  a  very  important  matter  indeed.  I  do  not 
mean  merely  for  the  sake  of  the  coarse  and  tangiLle| 
results  of  success,  but  because  humanity  is  so  con- 
stituted that  a  vast  number  of  us  would  never  be  I 
impelled  to  those  stretches  of  exertion  which  make 
us  wiser  and  more  capable  men,  if  it  were  not  for  the 
absolute  necessity  of  putting  on  our  faculties  all  the 
strain  they  will  bear,  for  the  purpose  of  "  getting  on" 
in  the  most  practical  sense. 

Now  the  value  of  a  knowledge  of  physical  science  I 
as  a  means  of   getting  on,  is  indubitable.     There  are 
hardly  any  of  our  trades,  except  the  merely  huckstering 
ones,  in   which    some   knowledge   of   science   may  not 
be  directly  profitable  to  the  pursuer  of  that  occupation. 
As  industry  attains  higher  stages  of   its  development, 
as  its  processes  become  more  complicated  and  refined, 
and  competition  more  keen,  the   sciences  are  dragged! 
in,  one  by  one,  to  take  their  share  in  the  fray  ;  and 
he  who  can  best  avail  himself  of  their  help  is  the  mcan| 
who  will  come  out  uppermost  in  that  struggle  for  exist- 
ence,  which   g'fss   on   as   fiercely  beneath   the   smooth  I 
surface  of  modern  society,  as  among  the  wild  inhabit- 1 
ants  of  the  woods. 

But,  in  addition  to  the  bearing  of  science  on  ordinary! 
practical  life,  let  me  direct  your  attention  to  its  immense 
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influence  on  several  of  the  professions.     I  ask  any  one 

who  has  adopted  the  calling  of  an  engineer,  how  much 

time  he  lost  when  he   left  school,  because  he  had  to 

dcvot'  himself  to  pursuits  which  were  absolutely  novel 

and  strange,  and    of   which  he  had  not  obtained  the 

remotest   conception   from    his    instructors  ?       He   had 

to  familiarize   himself  with   ideas   of    the   course   and 

powers  of  Nature,  to  which   his   attention   had   never 

been  directed  during  his  school-life,  and  to  learn,  for 

[the  first  time,  that  a  Avorld  of   facts  lies  outside  and 

[beyond  the  world  of  words.      I  appeal  to   those  who 

Iknow  what  Engineering  is,  to  say  how  far  I  am  right 

jin   respect    to    that    profession  ;    but   with    regard    to 

[another,    of    no    less   importance,    I    shall   venture   to 

Bpeak   of    my   own   knowledge.      There   is   no   one  of 

IS  who  may   not   at   any  moment   be   thrown,  bound 

land   and  foot  by  physical  incapacity,  into  the  hands 

)f  a    medical   practitioner.      The   chances   of  life   and 

leath   for  all   and  each   of  us  may,   at   any  moment, 

lepend    on   the   skill   with  which   that   practitioner   is 

ible  to  make  out  what  is  wrong  in  our  bodily  frames, 

md  on  his  ability  to  apply  the  proper  remedy  to  the 

lefect. 

The  necessities  of  modern  life  are  such,  and  the 
elass  from  which  the  medical  profession  is  chiefly 
fecruited  is  so  situated,  that  few  medical  men  can  hope 
b  spend  more  than  three  or  four,  or  it  may  be  five, 
^ears  in  the  pursuit  of  those  studies  which  are  imme- 
hately  germane  to  physic.  How  is  that  all  too  brief 
)eriod  spent  at  present?  I  speak  as  an  old  examiner, 
laving  served  some  eleven  or  twelve  years  in  that 
Rapacity  in  the  University  of  London,  and  therefore 
laving  a  practical  acquaintance  with  \\\\i  sal)ject; 
)ut  I  might  fortify  myself  by  the  authority  of  the 
resident  of  the  College  of  Surgeons,  Mr.  Qiiain,  whom 
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I  hoard  the  other  day  in  an  admiral)le  address  (tliJ 
Hiinterian  Oration)  deal  fully  and  wisely  with  this  veiyl 
topic.  ^ 

A  young  man  commencing  the  study  of  medicine  iJ 
at  once  required  to  endeavour  to  make  an  acquaintaiicJ 
with  a  number  of  sciences,  such  as  Pliysics,  as  Cheniisti^l 
as  Botany,  as  Physiology,  which  are  al>sulute]y  and  entirclJ 
strange  to  him,  however  excellent  his  so-called  edu<*atioi| 
at  school  may  have  been.  Not  only  is  he  devoid  of  al 
apprehension  of  scientific  conce})tions,  not  only  does  lif| 
fail  to  attach  any  meaning  to  the  words  "matter," 
"  force,"  or  "  law "  in  their  scientific  senses,  but,  Avor.<i 
still,  he  has  no  notion  of  what  it  is  to  come  into  contacJ 
with  nature,  or  to  lay  his  mind  alongside  of  a  physical 
fact,  and  try  to  conquer  it,  in  the  way  our  great  naval 
hero  told  his  captains  to  master  their  enemies.  HiJ 
whole  mind  has  been  given  to  books,  and  I  am  hardlj 
exaggerating  if  I  say  tliat  they  are  more  real  to  liin 
than  Nature,  lie  imas^ines  that  all  knowledi^e  can  \\ 
got  out  of  books,  and  rests  upon  the  authority  of  souit| 

*  ]Mr.  Qn;iin's  words  {M<cli'il  Times  and  Gazette,  February  20)  are  :— "J 
few  words  as  to  our  special  iMedical  course  of  instruction  and  the  inHuenti 
upon  it  of  such  changes  in  the  elementary  schools  as  I  have  mentioned.  Ttl 
student  now  enters  at  once  upon  several  sciences — phvsics,  chemistry,  anatoiuJ 

{)hysiology,  botany,  pharmacy,  therapeutics  —  all  those,  the  fa£ts  and  tb| 
anguage  and  the  laws  of  each,  to  be  mastered  in  eighteen  months.     Upi 
the  beginning  of  the  Medical  course  many  have  lea  rued  little.     We  cannJ 
claim  anything  better  than  the  Examiner  of  the  University  of  London  acl 
the  Cambridge  Lecturer  have  reported  for  their  Univei'sities.     Supposing  tbaj 
at  school  young  people  had  aconired  some  exact  elementary  knowledge  i 
physics,  chemistry,  and  a  branch  of  natural  history- — say  botany — with  tlJ 
physiology  connected  with  it,  they  would  then  have  gained  necessary  knotl 
ledge,  with  some  practice  in  inductive  reasou'ng.     The  whole  studies  ai 
processes  of  observation  and  induction — the  besi  discipline  of  the  mind  fJ 
the  purposes  of  lite — for  our  purposes  not  less  than  any.     *  By  such  studl 
(says  Dr,  Whewell)  of  one  or  more  departments  of  inductive  science  tlT 
mind  may  escape  from  the  thraldom  of  mere  words.'    By  that  plan  tia 
burden  of  the  early  Medical  course  would  be  much  lightened,  and  more  tin 
devoted  to  practical  studies,  including  Sir  Thomas  Watson's  '  tinal  and  suprem 
stiige '  of  the  knowledge  of  Medicine." 
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master  or  otlicr ;  nor  docs  lie  entertain  any  misgiving 
that  the  metliod  of  learning  Avliicli  led  to  prolicicncy 
in  tlie  rules  of  grammar,  will  sutKee  to  lead  him  to  a 
mastery  of  the  laws  of  Nature.  The  youngster,  thus 
unprepared  for  serious  study,  is  turned  loose  among 
his  medical  studies,  with  the  result,  in  nine  eases  out 
of  ten,  tliat  the  first  year  of  his  curriculum  is  spent 
in  learning  how  to  learn.  Indeed,  he  is  lucky,  if  at 
the  end  of  the  first  year,  by  the  exei'tions  of  his  teachers 
and  his  own  industry,  he  has  acquired  even  tliat  art  of 
arts.  After  which  there  remain  not  more  than  three, 
or  perhaps  four,  years  for  tlvj  profitable  study  of  such 
vast  sciences  as  Anatomy,  Physiology,  Therapeutics, 
Medicine,  Surgery,  Obstetrics,  and  the  like,  upon  his 
knowledge  or  ignorance  of  which  it  depends  whether 
the  practitioner  shall  diminish,  or  increase,  the  bills  of 
mortality.  Now  what  is  it  but  the  preposterous  con- 
dition of  ordinary  school  education  which  prevents  a 
young  man  of  seventeen,  destined  for  the  practice  of 
medicine,  from  being  fully  prepared  for  the  study  of 
nature;  and  from  coming  to  the  medical  school, equipped 
with  that  preliminary  knowledge  of  the  principles  of 
Pliysics,  of  Chemistry  J  and  of  Biology,  upon  which  he 
has  now  to  waste  one  of  the  precious  years,  every 
moment  of  which  ou2^ht  to  be  given  to  those  studies 
which  bear  directly  upon  the  knowledge  of  his 
profession  ? 

There  is  another  profession,  to  the  members  of  which, 
I  think,  a  certain  preliminary  knowledge  of  physical 
science  might  be  quite  as  valualjle  as  to  the  medical 
man.  The  practitioner  of  medicine  sets  before  himself 
the  noble  object  of  taking  care  of  man's  bodily  welfare ; 
but  the  members  of  this  other  profession  undertake  to 
"minister  to  minds  diseased,"  and,  so  far  as  may  be, 
to  diminish  sin  and  soften  sorrow.     like  the  medical 
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profession,  the  clerical,  of  which  I  now  speak,  rests  M 
power  to  heal  upon  its  knowledge  of  the  order  of  the 
universe — upon  certain  theories  of  mans  relation  to 
that  which  lies  outside  him.  It  is  not  my  business  to 
express  any  opinion  about  these  theories.  I  merely 
wish  to  point  out  that,  like  all  other  theories,  they  are 
professedly  based  upon  matter  of  fiict.  Thus  the  clerical 
profession  has  to  deal  with  the  facts  of  Nature  from  a 
certain  point  of  view;  and  hence  it  comes  into  contact 
with  that  of  the  man  of  science,  who  has  to  treat  the  I 
same  facts  from  another  point  of  view.  You  know  how 
often  that  contact  is  to  be  described  as  collision,  or  I 
violent  friction ;  and  how  great  the  heat,  how  little  | 
the  light,  which  commonly  results  from  it. 

In  the  interests  of  lair  play,  to  say  nothing  of  those  I 
of  mankind,  I  ask.  Why  do  not  the  clergy  as  a  body 
acquire,  as  a  part  of  their  preliminary  education,  some 
such  tincture  of  physical  science  as  will  put  them  in 
a  position  to  understand  the  dilticulties  in  the  way 
of  accepting  their  theories,  which  are  forced  upon  the 
mind  of  every  thoughtful  and  intelligent  man,  who  has 
taken  the  trouble  to  instruct  himself  in  the  elements! 
of  natural  knowledge? 

Some  time  ago  I  attended  a  large  meeting  of  the  I 
clergy,  for  the  purpose  of  delivering  an  address  which 
I  had  been  invited  to  give.  I  spoke  of  some  of  the 
most  elementary  facts  in  physical  science,  and  of  the 
manner  in  which  they  directly  contradict  certain  of  the 
ordinary  teachings  of  the  clergy.  The  result  was,  that, 
after  I  had  finished,  one  section  of  the  assembled  eccle- 
siastics attacked  me  with  all  the  intemperance  of  pious  | 
zeal,  for  stating  facts  and  conclusions  which  no  com- 
2:)otent  judge  doubts;  while,  after  the  first  speakers  had  I 
subsided,  amidst  the  cheers  of  the  great  majority  of  their 
colleagues,  the  more  rational  minority  rose  to  tell  me 
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that  I  had  taken  wholly  superfluous  pains,  that  they 
(dready  knew  all  about  what  I  had  told  them,  and 
I  perfectly  agreed  with  me.  A  hard-headed  friend  ot 
Inline,  who  was  present,  put  the  not  unnatural  question, 
♦'Then  why  don't  you  say  so  in  your  pulpits?"  to 
[which  inquiry  I  heard  no  reply. 

In  fact  the  clergy  are  at  present  divisible  into  three 
I  sections:  an  immense  body  who  are  ignorant  and  speak 
out;  a  small  proportion  who  know  and  are  silent; 
and  a  minute  minority  who  know  and  speak  according 
to  their  knowledge.  By  the  clergy,  I  mean  especially 
the  Protestant  clergy.  Our  great  antagonist — I  speak 
las  a  man  of  science — the  Eoman  Catholic  Church,  the 
one  great  spiritual  organization  which  is  able  to  resist, 
land  must,  as  a  matter  of  life  and  death,  resist,  the 
Iprogress  of  science  and  modern  civilization,  manages 
Iher  affairs  much  better. 

It  was  my  fortune  some  time  ago  to  pay  a  visit  to 
|one  of  the  most  important  of  the  institutions  in  which 
the  clergy  of  tlie  Eoman  Catholic  Church  in  these  islands 
ire  trained ;  and  it  seemed  to  me  that  the  difference 
|l)et\veen  these  men  and  the  comfortable  champions  of 
inglicanism   and  of  Dissent,   was   comparable   to   the 
lifFerence    between    our    gallant   Volunteers    and    the 
trained  veterans  of  Napoleon's  Old  Guard. 

The  Catholic  priest  is  trained  to  know  his  business, 

md  do  it  effectually.     The  professors  of  the  college  in 

question,   learned,   zealous,   and   determined   men,  per- 

litted  me  to  speak  frankly  with  them.     We  talked  like 

)utposts  of  opposed  armies  during  a  truce — as  friendly 

enemies ;  and  when  I  ventured  to  point  out  the  difH- 

sulties  their  students  would   have   to   encounter  from 

scientific  thought,  they  replied  :  "  Our  Church  has  lasted 

lany  ages,  and  has  passed  safely  through  many  storms. 

'he  present  is  but  a  new  gust  of  the  old  tempest,  and 
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we  do  not  turn  out  our  young  men  less  fitted  to  weatlKi 
it,  than  they  have  been,  in  former  times,  to  cope  with 
tue  dilHculties  ot  those  times.  The  heresies  of  tlie  day 
are  explained  to  them  by  their  professors  of  philosoplij 
and  science,  and  they  are  taught  how  those  heresies  Mie  Lv 
to  be  met."  ' 

I  heartily  respect  an  organization  which  faces  it 
cnemios  in  t ^is  way ;  and  I  wish  that  all  ecclisiastl. ai 
o^pT'^n  .' *ti(  /  •  ,'/e  e  in  as  effective  a  condition.  I  think 
it  wonlii  V»i'  'fitter,  not  only  for  them,  but  for  us.  The 
army  ol  iber.^l  thought  is,  at  present,  in  very  loose 
order ;  and  many  a  spirited  free-thinker  makes  use  of 
his  freedom  maii)ly  to  vent  nonsense.  We  should  Le 
the  better  for  a  vigorous  and  watchful  enemy  to  hammer 
us  into  cohesion  and  discipline ;  and  I,  for  one,  lament 
that  the  bench  of  Bishops  cannot  show  a  man  of 
the  calibre  of  Butler  of  the  "  Analogy,"  who,  if  he 
were  alive,  would  make  short  work  of  much  of  the 
current  ^  priori  *'  infidelity." 

I  hope  you  will  consider  that  the  arguments  I  have| 
now  stated,   even   if  there  were  no  better   ones,   con- 
stitute a  sufficient  apology  for  urging  the  introduction  I 
of  scit^nce   into  schools.     The  next  question  to  whicli 
I  have  to  address  myself  is,  AVhat  sciences  ought  to  be 
thus  taught '{     And  this  is  one  of  the  most  important  of 
questions,  because  my  side  (I  am  afraid  I  am  a  terril)ly[ 
candid  friend)  som„ tiroes  spoils  its  cause  by  going  in 
for  too  much.     There  are  other  forms  of  culture  be«ide 
pliysical  science  ;  and  I  should  be  profoundly  sorry  to 
sec  the  fact  forgotten,  or  even  to  observe  a  tendency  tol 
starve,  or  cripple,  literary,  or  sesthetic,  culture  for  the  sake| 
of  science.     Such  a  narrow  view  of  the  nature  of  educa' 
tion  has  nothing  to  do  with  my  firm  conviction  tliail 
a  complete  and  thorough  scientific  culture  ought  to  bel 
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iitroduccd  into  all  acliook  By  this,  however,  I  do  not 
jean  that  every  schoolboy  should  be  taught  everything 

science.  Thut  would  be  a  very  absurd  thing  to  con- 
ceive, and  a  very  mischievous  thing  to  attempt.     What 

mean  is,  that   no   boy  i-  >r  girl  should  leave  school 

without  possessing  a  grasp  of  the  general  character  of 

cience,  and  without  having  been  disciplined,  more  or 

?s.s    in   ihc   methods   of  all   sciences ;    so   that,  when 

irned  into  the  world  to   make   their  own  way,  tlu^y 

lall  be  prepared  to  face   scientific   problems,   not   by 

[lowing  at  once   the  conditions  of  every  problem,  or 

ly  being  able  at  once  to  solve  it;  but  by  bein'    ^••miliar 

rith  the  general  current  of  scientific  thought,   a-  1  by 

jing   able   to   apply  the    methods  of  scieh;.^   m   the 

proper  way,  when  they  have  acquainted  the    o  d  cs  with 

16  conditions  of  the  special  problem. 

That  is  what  I  understand  by  scientif^'  education. 
fo  furnish  a  boy  with  such  an  education,  it  is  by  no 
leans  necessary  that  he  should  devote  his  whole  school 
[istence  to  physical  science :  in  fact,  no  one  would 
iment  so  one-sided  a  proceeding  more  than  I.  Nay 
lore,  it  is  not  necessary  for  him  to  give  up  more  than  a 
moderate  share  of  his  time  to  such  studies,  if  they  be 
roperly  selected  and  arranged,  and  if  he  be  trained  iu 
lem  in  a  fitting  manner. 

I  conceive  the  proper  course  to  be  somewhat  as 
)llows.  To  begin  with,  let  every  child  be  instructed  in 
lose  general  views  of  the  phenomena  of  Nature  for 
fliicli  we  have  no  exact  Eiwlirsh  name.  The  nearest 
)proximation  to  a  name  for  what  I  mean,  which  we 
)ssess,  is  "  physical  geography."  Tlio  Germans  have  a 
?tter,  "  Erdkunde,"  ("earth  knowledge''  or  "geology" 

its  etymological  sense,)  tliat  is  to  say,  a  general  kuow- 

Ige  of  the  earth,  and  what  is  on  it,  in  it,  and  about  it. 

acy  one  who  has  had  experience  of  the  ways  of  youug- 
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children  will  call  to  mind  their  questions,  ho  will  firifl 
that  so  far  as  they  can  be  put  into  any  scientific  category] 
they  come  under  this  head  of  "  Erdkunde."     The  chiidj 
asks,  "  What   is  the   moon,  and  why  does   it   shine  T 
"  What  is  this  water,  and  where  does  it  run  ? "     "  WliatI 
is  the  wind?"     "  What  makes  the  waves  in  the  sea?' 
"  Where  does  this  animal  live,  and  what  is  the  use  ofl 
that  plant  ? "     And  if  not  snubbed  and  stunted  by  beinrl 
told  not  to  ask  foolish  questions,  there  is  no  limit  to  tliel 
intellectual  craving  of  a  yovmg  child  ;  nor  any  bounds  tol 
the  slow,  but  solid,  accretion  of  knowledge  and  devclop-l 
ment  of  the  thinking  faculty  in  this  way.     To  all  sutli| 
questions,   answers   which    are    necessarily   incomplete] 
though  true  as  far  as  they  go,  may  be  given  by  any 
teacher  whose  ideas  re^Dresent  real  knowledge  and  not! 
mere  book  learning ;  and  a  panoramic  view  of  Nature,! 
accompanied  by  a  strong  infusion  of  the  scientific  habitl 
of  mind,  may  thus  be  placed  within  the  reach  of  every] 
child  of  nine  or  ten. 

After  this  preliminary  opening  of  the  eyes  to  tkl 
great  spectacle  of  the  daily  progress  of  Nature,  as  tliel 
reasoning  faculties  of  the  child  grow,  and  he  become/ 
familiar  with  the  use  of  the  tools  of  knowledge — reading! 
writing,  and  elementary  mathematics — he  should  pasJ 
on  to  what  is,  in  the  more  strict  sense,  physical  scieDcej 
Now  there  are  two  kinds  of  physical  science  :  the  onel 
regards  form  and  the  relation  of  forms  to  one  another  J 
the  other  deals  with  causes  and  effects.  In  many  oil 
what  we  term  our  sciences,  these  two  kinds  are  mixedl 
up  together;  but  systematic  botany  is  a  pure  examplej 
of  the  former  kind,  and  physics  of  the  latter  kind,  ofl 
science.  Every  educational  advantage  which  trainingl 
in  physical  science  can  give  is  obtainable  from  the  propeil 
study  of  these  two ;  and  I  should  be  contented,  for  the[ 
present,  if  they,  added  to  our  "  Erdkunde,"  furnisheJ 
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ho  whole  of  tlic  scieiititic;  curriculum  of  scliool^;.    Indeed, 

(joiK'cive  it  would  Ix;  one  of  the  _i;'ivatcst  boons  which 

loiiM  he  eonfeiTcd  u[)on  England,  if  henceforward  every 

lliild   in   the    country   were    instrueted    in    tin*    general 

liKtwledge    of   the    things   al)out    it,    in    the    elements 

If  plivsics,    and    of    botany.      JJut     f    should    be    still 

•tter  pleased    if  there    could    be    ndded    somewhat  of 

lu'inistry,  and  an  elementary  accjuaintance  with  human 

|liy,si(jlogy. 

S(j  far  as  school  education  is  concerned,  I  want  to  go 

|o  further  just  now  ;  and  1  believe  that  such  instruction 

ould  make  an  excellent  introduction  to  that  preparatory 

liciitific  training  which,  as  I  have  indicated,  is  so  cssen- 

lal  for  the  suecc.'ssful  pui'suit  of  our  most  important  pro- 

k^ioiis.     lUit  thi.i  modicum   (»f  instruction  must  be  so 

jven  as  to  ensure  real  knowledge  and  practical  discipline. 

scientific  education  is  to  be  dealt  with  as  mere  book- 

[ork,  it  will  be  better  not  to  attempt  it,  but  to  stick  to 

le  Latin  Grammar,  which  makes  no  pretence  to  be  any- 

ling  but  book  work. 

If  the  great  benefits  of  scientific  training  are  sought, 

is  essential  that  such  training  should  be  real :  that  is 

say,  that  the  mind  of  the  scholar  should  be  brought 

[to  direct  relation  with  fiict,  that  he  should  not  merely 

told  a  thing,  but  made  to  see  by  the  use  of  his  own 

[tellect  and  ability  that  the  thing  is  so  and  no  otherw^ise. 

le  great  peculiarity  of  scientific  training,  that  in  virtue 

which  it  cannot  be  replaced  by  any  other  disciplines 

latsoever,  is  this  bringing  of  the  mind  directly  into 

[iitact  with  fact,   and   practising  the  intellect  in  th(.' 

[mj)letest  form  of  induction  ;  that  is  to  say,  in  drawing 

Inclusions  from  particular  facts  made  known  by  imme- 

}te  observation  of  Nature. 

jTlie  other  studies  which  enter  into  ordinary  education 
not  discipline  the  mind  in  this  way,     Mathematical 
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tniiuing  is  almost  purely  cIl-cI active.  The  iiKitheniiitici;, 
starts  witli  a  few  simple  pr()[M)siti()iis,  the  pnxjt"  of  wlii. 
is  so  ol)vi(nis  that  they  arc;  called  self-evident,  and  tlj 
rest  of  his  work  consists  of  subtle  de(luetions  from  tliei! 
The  teaching  of  langua^-es,  at  any  rate  as  ordinari 
])ractised,  is  of  the  same  general  nature, — authority  aiil 
tradition  furnish  tlu;  data,  and  the  mental  (>[>eratioiis 
the  scholar  are  deductive. 

Again :  if  history  Ijc  the  subject  of  study,  the  fiuil 
arc  still  taken  upon  the  evidence  of  tradition  and  aj 
thority.  You  cannot  make  a  boy  see  th(3  battle 
Thermopylae  for  himself,  or  know,  of  his  own  knowledifJ 
that  C^romwell  once  ruled  England,  There  is  no  gettiii 
into  direct  contact  with  natural  fact  l)y  this  road  ;  tlinl 
is  no  dispensing  with  authority,  but  rather  a  restiij 
upon  it. 

In  all  these  respects,  science  differs  from  other  e(li| 
cational  discipline,  and  prepares  the  scholar  for  commi! 
life.     What  have  we  to  do  in  every-day  life  ?     Most 
the  business  which  demands  our  attention  is  matter 
fact,  which  needs,  in  the  first  place,  to  be  accurattll 
observed    or    apprehended ;   in   the   second,    to   be  \l 
terpreted  by  inductive  and  deductive  reasonings,  wlii] 
are  altogether  similar  in  their  nature  to  those  employt 
in  science.     In  the  one  case,  as  in  the  other,  whatevcrl 
taken  for  granted  is  so  taken  at  one's  own  peril ;  fal 
and  reason  are  the  ultimate  arbiters,  and  patience  he] 
honesty  are  the  great  helpers  out  of  difficulty. 

But  if  scientific  training  is  to  yield  its  most  emiiiej 
results,  it  must,  I  repeat,  be  made  practical.  That  is 
say,  in  explaining  to  a  child  the  general  phenomena 
Nature,  you  must,  as  far  as  possible,  give  reality  to  y 
teaching  by  object-lessons ;  in  teaching  him  botany, 
must  handle  the  plants  and  dissect  the  flowers  for  liiil 
self;  in  teaching  him  physics  and  chemistry,  you  m 
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lot  !)('  solicitous  to  fill  hliii  with  information,  Imt  you 
iiust  1)0  cMrcful  tliiit  wimt  lio  loiini.s  \\o  knows  of  his  own 
[n<»wl('(lu,'('.  Don't  be  satlslicd  with  t('lliii«,f  him  iiiat  a 
naniH't  attracts  iron.  T^ct  him  see  that  it  (hx's  ;  lot  him 
[cci  the  |>ull  of  the  one  u))on  \\u\  other  for  himself.  Arid, 
specially,  tell  him  that  it  is  his  duty  to  doubt  until  he 

compelled,  by  the  absolute;  authoi'ity  of  Nature,  to 
)(lievo  that  whieh  is  written  in  books.  Pursue  this 
lis('i[)llne  carefully  and  conscientiously,  and  you  may 
iike  sure  that,  however  scanty  may  be  the  measure  (►f 
nfonnation  which  you  have  poured  into  the  boy's  mind, 
oil  have  created  an  intellectual  habit  of  priceless  value 

practical  life. 

(Jiie  is  constantly  asked,  When  should  this  scientific 
idiication  be  commenced  ?  I  should  say  with  the  dawn 
[f  intelligence.  As  I  have  already  said,  a  child  seeks 
)r  information  about  matters  of  physical  science  as  soon 
Ls  it  begins  to  talk.  The  first  teachinnr  it  wants  is  an 
[hject-lesson  of  one  sort  or  another  ;  and  as  soon  as  it 

fit  for   systematic   instruction  of  any  kind,   it  is  fit 
)r  a  modicum  of  science. 

People  talk  of  the  difficulty  of  teaching  young 
lliiklren  such  matters,  and  in  the  same  breath  insist 
jpon  their  learning  their  Catechism,  which  contains 
ppositions  far  harder  to  comprehend    than   anything 

the  educational  course  I  have  p)roposed.  Again,  I  am 
icessantly  told  that  we,  who  advocate  the  introduction 
\i  science  into  schools,  make  no  allowance  for  the 
tupidity  of  he  average  boy  or  girl ;  but,  in  my  belief, 
hat  stupidit),  in  nine  cases  out  of  ten,  ^'Jit,  non 
iascifur,"  and  i^  developed  by  a  long  process  of  parental 
Ind  pedagogic  repression  of  the  natural  intelhctuai 
Ippotites,  accompanied  by  a  persistent  attempt  to  create 
litificial  ones  for  food  which  is  not  only  taste! e^s,  but 
«fseutially  indigestible. 
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I'liose  wlio  urge  the  difficulty  of   iii.structiug   yoiii.. 
})eople  in  science  are   apt   to  forget  another   very   in; 
])nrtant  condition  of  success — iuip(jrtaiit  in  all  kinds  ^  i 
teaching,  but  most  essential,   I  am   dis[)osed  to    tliinlv 
when  the  scholars  are  very  young.     This  condition  \<\ 
tlurt   the  teacher  should   himself  rcnlly  and  pr;ictic;ilh 
know  his  subject.     If  he  does,  he  will   l)e  al)l(;  to  spc;i;;| 
nf  it  in   tlie  c^asy   language,  and  with  tlie  com[)leti']i(- 
of   conviction,  Avitli   which    he    talks    of    any    ordiiiarv 
every-day  matter.     If  he  does  not,  he  will  l)e  afraid  r 
wander  beyoud  the  limits  of  the  teclmical  phraseokti^vi 
which  he  has  got   up  ;    and  a  dead  dogmatism,  whici. 
oppresses,  or  raises  opposition,  will  take  the  place  of  tliJ 
lively   confidence,    born   of   [)ersonnl  conviction,    wliieij 
cheers  and  encourages  the  eminently  sympathetic  miiiJ 
of  childhood.  I 

I  have  already  hinted  that  such  scientific  training  A 
we  seek  for  may  be  given  without  making  any  (xl 
travagant  claim  upon  the  time  now  devoted  to  educatiuiil 
We  ask  only  for  "  a  most  favoured  nation  "  clause  in  ourl 
treaty  with  the  schoolmaster  ;  we  demand  no  more  tliaJ 
that  science  shall  have  as  much  time  oiven  to  it  as  ami 
other  single  subjec^t — say  four  hours  a  week  in  each  cJa;;! 
of  an  ordinary  school. 

For  the  present,  I  think  men  of  science  would  be  wil;| 
content  with  such  an  arrangement  as  this  ;  but,  speakiiii' 
for  myself,  I  do  not  pretend  to  believe  that  such  aj 
arrangement  can  be,  or  will  be,  permanent.  In  thc'> 
times  the  educational  tree  seems  to  me  to  have  its  rooH 
in  the  air,  its  leaves  and  flowers  in  the  ground  ;  and, 
confess,  I  should  very  much  like  to  turn  it  upside  dowuJ 
so  that  its  roots  might  be  solidly  embedded  among  tli' 
facts  of  Nature,  and  draw  thence  a  sound  nutrimcii; 
for  the  foliage  and  fruit  of  literature  and  of  art.  Xi 
educational   system  can    have    a    claim   to  ])ermanene'.l 
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iiiless  it  rccorrni^ics  the  truth  that   education  lias  two 

[>T(';it  ends  to  which  ev^ervthino-  else  must  he  suhoi'dinated. 

friie  one  of  these  is  to  increase  knowledge  ;  tlie  other  is 

to  develop  the  love  of  right  nnd  the  hatred  of  wrong. 

With  wisdom  and  uprightness  a  nation  can  make  its 

ray  worthily,  and  heauty  will  follow  in  tlu^  footste])s 
)f  the  two,  even  if  she  he  not  s])ecially  invited  ;  while 
there  is  perhaps  no  sight  m  the  whole  world  more 
Badtleniug  and  revolting  than  is  offered  by  men  sunk 
111  io-norance  of  everything:  hut  what  other  men   have 

rritten ;  seemingly  devoid  of  moral  belief  or  guidance  ; 
)ut  with  the  sense  of  beauty^  so  keen,  and  the  power  of 
Lxpression  so  cultivated,  that  their  sensual  caterwauling 

lay  he  almost  mistaken  for  the  music  of  the  spheres. 
At  present,   education  is  almost  entirely  devoted  to 

he  cultivation  of  the  power  of  expression,  and  of  the 
jense  of  literary  beauty.  The  matter  of  having  any- 
Ihiiig  to  say,  bt-yond  a  hash  of  other  people's  opinions, 
|r  of  possessing  any  criterion  of  beauty,  so  that  we  may 
listinguish   between    the   Godlike   and  the  devilish,  is 

jft  aside  as  of  no  moment.     I  think  I  do  not  err  in 

lyinnf  that   if    science  were   made   the   foundation    of 
[ducation,  instead  of  being,  at  most,  stuck  on  as  cornice 
the  edifice,  this  state  of  things  could  not  exist. 
In  advocating  the    introduction  of    physical   science 

i  a  leading  element  in  education,  I  by  no  means  refer 
Inly  to  the  higher  schools.  On  the  contrary,  I  believe 
liat  such  a  change  is  even  more  imperatively  called  for 
those  primal'}  schools,  in  which  the  children  of  the 
loor  are  expected  to  turn  to  the  best  account  the  little 
|me  they  ca?i  devote  to  the  acquisition  of  knowledge, 
great  step  in  this  direction  has  already  been  made 
the  estal)lishment  of  science-classes  under  the  l)e- 

utinent  of  Science  and  Art, — a  measure  which  came 

ito  existence  unnoticed,  but  which  will,  1  believe,  turn 
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out  to  be  of  more  importance  to  tlie  Avelfare  of  tl; 
])eoplc,  than  many  political  clianges,  over  ^vllicll  the  nui.v 
of  battle  ha.s  rent  the  air. 

Under  the  regulations  to  which  I  refer,  a  schoolmaster 
can  set  up  a  class  in  one  or  more  branches  of  science 
his  pupils  will  be  examined,  and  the  State  will  pay  Lim, 
at  a  certain  rate,  for  all  who  succeed  in  jiassing.  I 
have  acted  as  an  examiner  under  this  system  from  tli 
beginning  of  its  estal)lishment,  and  tliis  year  I  expec 
to  have  not  fewer  than  a  couple  of  thousand  sets 
answers  to  questions  in  Physiology,  mainly  from  yoiin^l 
people  of  the  artisan  class,  who  have  ])een  taught  ii 
the  schools  which  are  now  scattered  all  over  GreaJ 
Britain  and  Ireland.  Some  of  my  colleagues,  who  hav: 
to  deal  with  subjecjts  such  as  Geometry,  for  which  tli: 
present  teaching  power  is  better  organized,  I  undu' 
stand  are  likely  to  have  three  or  four  times  as  man: 
papers.  So  far  as  my  own  subjects  are  concerned,  I  ca' 
undertake  to  say  that  a  great  deal  of  the  teaching,  tli 
results  of  wdiich  are  before  me  in  these  examination,^,  i 
very  sound  and  good ;  and  I  think  it  is  in  the  powiT  i j 
the  examiners,  not  only  to  keep  up  the  present  standam 
but  to  cause  an  almost  unlimited  improvement.  Ism 
what  does  this  mean  ?  It  means  that  bv  holdino-  on: 
a  very  moderate  inducement,  the  masters  of  priniar 
schools  in  many  parts  of  the  country  have  been  led  t 
convert  them  into  little  foci  of  scientific  instruction;  aii! 
that  they  and  their  pupils  have  contrived  to  find,  or  i 
make,  time  enough  to  carry  out  this  object  with  a  vcr 
considerable  degree  of  efficiency.  That  efficiency  Avilii 
I  doul)t  not,  be  very  much  increased  as  the  systiE 
becomes  known  and  perfected,  even  with  tlie  vii 
limited  leisures  left  to  masters  and  teachers  on  \\vA- 
days.  And  this  leads  me  to  ask,  Why  should  scieutiti 
teaching  be  limited  to  week-days  ? 
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EeclesiaBtically-iniiKled  persons  are  in  the  liabit  of 
Icallin^'  tilings  tiiey  do  not  like  l)y  very  hard  names,  and 
|l  sboiild  not  wcjnder  if  they  brand  the  proposition  I 
lam  about  to  make  as  l)hisphemoiis,  and  worse.  But,  not 
Iniiiiding  this,  I  venture  to  ask,  Wouhl  there  really  be 
laiivtliing  wrong  in  using  part  of  Sunday  for  the  pur- 
)osc  of  instructing  those  who  have  no  other  leisure,  in  a 
Ikiiowledgc  of  the  phenomena  of  Nature,  and  of  man's 
relation  to  Nature  ? 

I  should  like  to  see  a  scientific  Sunday-school  in  every 
)arish,  not  for  the  purp(jse  of  superseding  any  existing 
iicans  of  teaching  the  people  the  things  that  are  for 
their  good,  but  sid(^  hj  side  with  them.  I  cannot  but 
think  that  there  is  room  for  all  of  us  to  work  in  helj)- 
iiio-  to  bridge  over  the  great  abyss  of  ignorance?  which 
llies  at  our  feet. 

xVnd  if  any  of  the  ecclesiastical  persons  to  whom  I 
liave  referred,  object  that  they  find  it  derogatory  to  the 
^lonour  of  the  (xod  whom  they  worship,  to  awaken  the 
iiiiuls  of  the  young  to  the  infinite  wonder  and  majesty 
)t  the  Avorks  which  they  proclaim  His,  and  to  teach 
tliem  those  laws  which  must  needs  be  His  laws,  and 
therefore  of  all  thini>s  needful  f  jr  man  to  know — I  can 
)nlv  recommend  them  to  be  let  blood  and  i)ut  on  low 
rliet.  There  must  be  something  very  wrong  going  on 
\\\  the  instrument  of  logic,  if  it  turns  out  such  conclu- 
sions from  such  premisses. 
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V. 

ON  THE  EDUCATIONAL  VALUE  OF  THE 
NATURAL   HISTORY  SCIENCES. 

The  subject  to  wliicli  I  have  to  heg  your  attcntioDi 
(luring  the  ensuing  hour  is  "  The  Rehition  of  Physiol 
loo^ical  Science  to  other  branches  of  KnoAvlecIoje." 

Had  circumstances  permitted  of  the  delivery,  m 
their  strict  logical  order,  of  that  series  of  discourse?! 
of  whicii  the  present  lecture  is  a  member,  I  should 
have  preceded  my  friend  and  collefigue  Mr.  Henfrey, 
who  addressed  you  on  Monday  last ;  but  while,  fori 
the  sake  of  that  order,  I  must  beg  you  to  suppose  tliai 
this  discussion  of  the  Educntionnl  bearings  of  Biologvl 
in  general  does  precede  that  of  Special  Zoology  ami 
Botany,  I  am  rejoiced  to  be  able  to  take  advantanv 
of  the  light  thus  already  thrown  upon  the  tendencv| 
and  methods  of  Physiological  Science. 

Regarding  Physiological  Science,  then,  in  its  Avidcs 
sense — as   the    equivalent   of  Biology — the    Science  o:| 
Individual  Life — we  have  to  consider  in  succession  : 

1.  Its  position  and  scope  as  a  branch  of  knowledge. 

2.  Its  value  as  a  means  of  mental  discipline. 

3.  Its  worth  as  practical  information. 
And  lastly, 

4.  At  what  period  it  may  best  ])o  made  a  branch  oil 
E(b"caLioT':, 
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Our  conclusions  on  the  first  of  these  heads  must 
Iclepond,  of  course,  n})on  the  nature  of  the  su1)ject- 
iia'ter  of  Piioloo-y  ;  and  I  think  a  few  pi'climinary 
01  siderations  will  place  before  you  in  a  clear  light 
bho  vast  difference  which  exists  between  tlie  livinix 
)0(lies  with  which  Physiological  science  is  concerned, 
iiid  the  remainder  of  the  universe  ; — between  the  phneno- 
leiia  of  Number  and  8])ace,  of  Physical  and  of  Chemical 
force,  on  the  one  hand,  and  those  of  Life  on  the  other. 

The  mathematician,  the  physicist,  and  the  chemist 
Ijontemplate  things  in  a  condition  of  rest ;  they  look 
ipon  a  state  of  ecjuilibrium  as  that  to  wdiicli  all  bodies 
lornially  tend. 
The  mathematician  does  not  suppose  that  a  quantity 
dll  alter,  or  that  a  given  point  in  space  will  change 
Its  direction  with  regard  to  another  point,  sponta- 
leously.  And  it  is  the  same  Avith  the  physicist.  When 
Newton  saw  the  apple  fall,  he  concluded  at  onc^  that 
[lie  act  of  falling  was  not  the  result  of  any  power 
iherenfc  in  the  apple,  but  that  it  was  the  result  of  the 
[ction  of  something  else  on  the  apple.  In  a  similar 
launer,  all  physical  force  is  regarded  as  the  disturban^o 
If  an  equilibrium  to  Avhich  things  tended  l)efore  its 
Ixertion, — to  which  they  will  tend  again  after  its 
jssation. 

The  chemist  equally  regards    chemical    cli  age    in   a 

)cly,  as  the  effect  of  the  action  of  something  external 

the    body    changed.      A   chemical    com,   >und    once 

rnncd   would   ])ersist   for   ever,   if   no  ab   ration    took 

[lane  in  surrounding  conditions. 

But  to  the  student  oi  Life  the  aspect   of  nature  is 

^versed.      Here,   incessant,  and,    so    far   as    we   know, 

)ontaneous   change   is  the   rule,   rest   the    ('Xce])tion — 

le  anomaly  to  1)e  accounted  for.     LiviiiLj'  tliiim-s   liave 

inertia,  and  tend  to  no  cciuilibriuixi. 
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Permit  me,  however,  to  oive  more  foree  and  clc;!!) 
ness  to  tliese  somewhat  abstract  coiL^idcratioiis,  by  mj 
ilkistratioii  or  two. 

Imagine  a  vessel  full  of  water,  at  the  ordinary  toiii- 
peraturc,  in  an  atmosphere  saturated  with  vapour.  TIk 
qnantit]f  and  the  fujure  of  that  water  will  not  cliaiip:, 
so  far  as  we  know,  for  ever. 

Su})pose  a  lump  of  gold  be  thrown  into  the  vcssel-| 
motion  and  disturltanec  of  figure  exactly  proportiona! 
to  the  momentum  of  the  gold  will  take  place.  Bii;! 
after  a  time  the  effects  of  this  disturbance  will  su1).siilj 
— e(|uilil)riuni  will  be  restored,  and  the  water  will  retiirj 
to  its  passive  state. 

Expose  the  water  to  cold — it  will  solidify — and  in 
doing  its   particles  will  arrange  themselves   in    defiiiitl 
crystalline    shajies.       But   once   formed,    these    crystaij 
chanoxi  no  further. 

Again,  substitute  for  the  lump  of  gold  some  substaiicj 
capable  of  entering  into  chemical  relations  with  \i\ 
water  : — say,  a  mass  of  that  substance  which  is  calk'| 
"  protein^' — the  substance  of  flesh  : — a  very  considerab 
disturbance  of  ecpilibrium  will  take  place — all  sorts  i 
chemical  compositions  and  decompositions  will  occiirl 
but  in  the  end,  as  before,  the  result  will  be  the  resumjj 
tion  of  a  condition  of  rest. 

Instead  of  such  a  mass  of  dead  protein,  howevtrl 
take  a  particle  of  living  protein — one  of  those  mimitj 
microscopic  living  things  which  throng  our  pools,  anl 
are  known  as  Infusoria — such  a  creature,  for  instaiui 
as  an  Euglena,  and  place  it  in  our  vessel  of  watiij 
It  is  a  round  mass  provided  with  a  loiig  filament,  auT 
except  in  this  peculiarity  of  shape,  presents  no  appiil 
cial)]e  physical  or  chemical  differenct^  wdiereby  it  niigli| 
be  distinguished  from  the  particle  of  dead  protein. 

But  the  difference   in  the    phienomena    to    which 
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ill   oivo    ri.sc    is   iminenso :    in   tlic   first  ])lac(3   it  \vill 

tlevi'lo})   a    vast    quantity  of    ])liysical    force  —  cleaving 

the  water    in    all  directions    with  consi(leral)le  rapidity 

)V  means  uf  the   vibrations   of   the    long   lilanient  or 

jiliuni. 

Nor  is  the  amount  of  chemical  ener<»v  whicli  the 
little  creature  t)ossesses  less  striking,  it  is  a  perfect 
laberatury  in  itself,  and  it  Avill  act  and  rea(;t  upon 
the  water  and  the  matters  containcMl  therein  ;  converting 
them  into  new  comj)Ounds  resembling  its  own  substance, 
iml,  at  the  same  time,  giving  up  portions  of  its  own 
^listance  w  liidi  have  become  effete. 

FurthernKn'e,  the  Eugiena  will  increase  in  size  ;  but 
[his  increase  is  by  no  means  unlimited,  as  the  increase 
)f  a  crystal  might  be.  After  it  has  grown  to  a  certain 
jxtent  it  divides,  and  each  portion  assumes  the  form 
)f  the  original,  and  proceeds  to  repi  ra,  *lie  process  of 
rrowth  and  division. 

Nor  is  this  alL  For  after  a  series  of  such  divisions 
lind  sulj(  ivisions,  these  minute  points  assume  a  totally 
lew  form,  lose  their  long  tails — I'ound  themselves,  and 
[ecrete  a  sort  of  envelope  or  box,  in  which  they  remain 
[hut  up  for  a  time,  eventually  to  resume,  directly  or 
iidirectly,  their  primitive  mode  of  existence. 

Now,   so  far  as  we  know,  there   is  no  natural  limit 
lo  the  existence  of  the  Eugiena,  or  of  any  other  living 
pill.     A   living   species  once   launched   into    existence 
?iids  to  live  for  ever.  i 

(*onsider  liow  widely  difierent  this  living  ]»artlcle  \^ 
rom  tlie  dead  atoms  with  which  the  physicist  and 
Ihemist  have  to  do  ! 

The  particle  of  gold  falls  to  the  bottom  and  rests — 
le  particle  of  dead  protein  decom])oses  and  disappears 

-it  also   rests  :    but   the    Iiriiig    protein   mass  neither 
?iids  to  exhaustion  of  its  forces  nor  to  any  permanency 
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of  form,  Imt  is  essentially  (listiiiguislicd  as  a  distinli 
of  oquilihrium  so  far  as  force  is  coiiccnicd, — as  \\\\Av\- 
going  continual   nictanioi'plKxsis   ai]<l    cliaiigc,    in   jioii- 
of  form. 

Tendency  to  cquilil)rinm  of  force  nnd  to  permancnrv 
of  form  then,  are  the  characters  of  that  portion  of  tl 
nnivei'sc  which  does  not  live — the  domain  of  the  chemi^ 
and  physicnst. 

Tendency  to  disturb  existing  equilihriura, — to  tiilv 
on  forms  which  succeed  on(^  anotlier  in  definite  cyclrs. 
is  the  character  of  the  living  world. 

What  is  the  cause  of  this  wonderful  difference  betweeii 
the   dead   particle    and    the   living   particle   of    niattii 
appearing  in  other  respects  identical  '\    that   differeiifv 
to  which  we  c'ive  the  name  of  Life  ? 
— -    I,  for  one,  cannot  tell  yon.     It  may  he  that,  hy  aini 
by,    philoso})liers   will    discover    some    higher   laws  ol' 
which  the  facts  of  life  are  particular  cases — very  possililv 
they  will  find  out  some  bond  between  physico-chemica! 
phtenomena  on  the    one    hand,    and    vital   phienonu'ii;! 
on  the  other.     At  present,  however,  Ave  assuredly  kiniv 
y   of  none  ;    and  I  think  we  shall  exercise  a  wise  humilii 
in  confessing  that,  for  us  at  least,  this  successive  assumi- 
tion  of  ditferent  states— (external  conditions  remaiiuii;| 
the   same) — this  spontaneity  of  action — if  I   may  ii« 
a  term  which  implies  more  than  1  would  be  answeral)It 
for — which  constitutes   so   vast   and   plain    a   practicai 
distinction  between  living  bodii  s  and  those   which  d: 
not  live,  is  an   ultimate  fact ;    indicating  as  such,  tlr 
existence  of  a  Inroad  line  of  demarcation  between  t 
subject-matter  of  Biological  and  that  of  all  other  scieiK  - 

Yov   I    would   have   it    understood    tliat   this    siiiij' 
Euglena  is  tlie  type  of  all  living  things,  so  far  as  t' 
distinction  between  these  and  inert  mutter  is  concern 
That  cycle  of  changes,  which  is  constituted  by  perli;ij 
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Lot  more  tliaii  two  or  three  .st('[is  in  tlic  Euglcna,  is 
IS  ('le;irly  niaiiifested  in  tlie  mult  itudiiioiis  stages  through 
Lvliich  the  germ  of  an  uak  oi'  ul"  ;i  man  ]>ass(\s.  W'hat- 
jver  forms  the  Li\'iiig  lieiiig  may  take  on,  wlicthci' 
pimple  or  eomplex,  prodactioi),  (jroirf/i,  reproduction, 
ire  the  phttJiiomeiia  whi(.'h  distinguish  it  from  thiit 
rliicli  does  not  liv(\ 

If  this  be  true,  it  is  clear  that  the  student,  in  }>assiug 
I'om  the  pliysieo-ehemical  to  tlie  physiologieal  sciences, 
biters  upon  a  totally  new  orch-r  of  facts  ;  aiid  it  will 
lext  be  for  us  to  consider  how  far  thi'se  new"  facts 
Involve  new  methods,  or  reijuire  a  modification  of  those 
nth  which  he  is  already  acquainted.  Now  a  great 
leui  is  said  about  the  peculiarity  of  the  sci(»ntific  method 

general,    and    of    the    diflerent   methods   wliich   arc 

mrsiied  in   the    different   sciences.      The    ^lathematics' 

[re  said  to  have  one  special  method  ;   Physiijs  another, 

Jiology   a   third,    and  so  forth.     For  my   own  })art,   I 

lUst  confess  that  I  do  not  understand  this  phraseology. 

So  far  as   I  can  arrive  at  any  clear  comprehension 
If  the  matter.  Science  is  not,  as  many  w^ould  seem  to 
wppose,  a  modification  of  the  black  art,  suite^l  to  the 
|la^tes  of  the  nineteenth  century,  and  flourishiiig  mainly 

eousequence  of  the  decay  of  the  hKjuisition. 

Science  is,  I  believe,  nothing  but  ti'ained  and  orga- 

lized  common  t^ense,  differino;  from  the  latter  only  as 

veteran  may  differ  from  a  raw  recruit :  and  its  methods 

fitfer  from  those  of  common   sense  only  so  far  as  the 

[iiardsman's   cut   and    thrust   differ   from    the    manner 

wliich  a  savage  wields  his  club.     The  primary  p)ower 

the  same  in  each  case,  and  j)erhaps  the  untutored 
kagc  has  the  more  brawny  arm  of  the  two.  The 
ml  advantage  lies  in  the  point  and  p)olish  of  the 
pordsman's  weapon  ;  in  the  trained  eye  (puck  to  spy 
It  the  weakness  of  the  adversary  ;  in  the  ready  hand 
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prompt  to  follow  if  on  tlu;  iiislMiit.  P»ut  .'iCtcr  nil,  il 
Hword  c'xri'cisc  is  only  tlic-  lunving  and  pokiii«;'  of  ti 
(;lul)ni;in  (l()V('lo[)i'(l  and  perfected. 

80,  the  Viist  results  ol)t;iin('d  by  Science  arc  woA 
l)y  no  mystical  faculties,  by  no  mimtal  ])ro(;esses,  otJKil 
than  those  which  are  prac^tised  by  every  oni*  of  ii« 
in  the  humblest  and  meanest  affairs  of  lif(\  A  detectivl 
j)olieeman  discovers  a  burglar  from  the  marks  111,1 
l)y  his  shoe,  by  a  mentid  process  identical  witli  llia:| 
by  which  Cuvier  restored  the  extinct  animals  of  ^h)iit[ 
martrc  from  fragments  of  tlunr  boncis.  Nor  does  tli;;: 
process  of  induction  and  deduction  by  which  a.  lailvl 
fin<ling  a  stain  of  a  peculiar  kind  upon  her  dress,  cmiiI 
eludes  that  somc;body  has  upset  the  inkstand  thereoiif 
diti'ev  in  any  way,  in  kind,  from  that  by  which  A(laiii-| 
and  Leverrier  discovered  a  new  plan(;t. 

The  man  of  science,  in  fact,  simply  uses  with  sen 
pulous  exactness,  the  methods  which  we  all,  habitualki 
and   at  every   moment,  use    carelessly ;    and   the  iiiaa 
of  business  must  as  much  avail  himself  of  the  scicntitij 
method — must  be  as  truly  a  man  of  science — as  tli; 
veriest  bookworm  of  us  all  ;   though  I  have  no   duiiij 
that  the  man  of  business  will  find  himself  out  to  lir 
j>liilosopher   with    as    much    surprise    as    M.    JourdaiJ 
exhibited,  when   he  discovered    that  he   had   been  a, 
his  life  talking  prose.     If,  however,  there   be   no  iv; 
difference   between  the  methods   of   science    and   tli<J 
of  common  life,   it  would   seem,   on   the   face    of  tla 
matter,   highly  improbable   that   there    should   be   m 
difference  l)etween  the  methods  of  the  different  scieiiciJ 
nevertheless,  it  is    constantly   taken  for   granted,   tkJ 
there  is  a  very  wide  difference  between  the  PhysiologieJ 
and  other  sciences  in  point  of  method. 

In  the  first  place  it  is  said — and  I  take  this  poiJ 
first,  because  the  imputation  is  too  frequently  adniittrT 
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liv  Physiologists  thcnisi'lvoH — ihiit  l>iolo<4v  (liflrrs  from 
jtlie  Physico-clu'inical  and  Matlit'inatical  sciences  in 
U'ini^  '•  inexact." 

Now,  this  plirase  "  inexact "  must  refer  eitlicr  to  tlic 
<\ia'fJii)(Js  or  lo  tlie  i'cshUs  of  IMiysiological  science. 

it  cannot  be  correct  to  Mpply  it  to  the  methods  ;   for, 

as  1   hope    to   show  yon    by  and    l>y,  thesi*    are    iden- 

iciil  in  all  sciences,  and  whatevei*  is  trne  of  I'hysiolonical 

I  •tl)i)d  is  true  of  IMiysical  and  ^lathematical  method. 
Is  it  then  the    results  of  liiolo^ieal  science  which  aro 

'inexact"'^  I  think  not.  If  1  say  that  res|)ii\iti()n  is 
erlbrmed  by  the  hint's;  that  digestion  is  etlected  in  the 
toina(;h  ;  that  the  eye  is  the  organ  of  sight  ;  that  the 
aws  of  a  vertcbrated  animal  never  o[)vn  sideways,  but 
ihvays  up  and  down  ;  while  those  of  an  amudose  animal 
Iways  open  sideways,  and  never  up  and  down — I  am 
uumerating  proi)ositions  which  are  as  exact  as  anything 

II  Euclid.  How  then  has  this  notion  of  the  inexactness 
f  Biological  science  come  about?  I  believe  from  two 
auses :  first,  Ix'cause,  in  consequence  of  the  great  com- 
lexity  of  the  science  and  the  multitude  of  interfering 
unditions,  we  arc  very  often  only  enabled  to  predict 
ppi'oximatively  what  will  occur  under  given  circum- 
tances  ;  and  secondly,  because,  on  account  of  the  com- 
anitive  youth  of  tlu^  Physiological  sciences,  a  great 
lany  of  their  laws  are  still  imperfectly  worked  out. 
at,  in  an  educational  point  of  view,  it  is  most  important 

0  distino'uisli  between  the  essence  of  a  science  and 
lie  accidents  wliicli   surround  it ;   and  essentially,  the 

nt  scienci'fcethods  and  results  of  Physiology  are  as  exact  as  those 

anted,  tkfcf  Physics  or  JMathematics. 

hysiologif  J  It  is  said  that  the  Physiological  method  is  especially 
iiqxirative  ^ ;  and  this  dictum  also  finds  favour  in  the 

e    tins  pOLB  1  .1  j,^  ^l^p  third  pluce.  Ave  have  to  r'^^view  the  niothod  of  Coiiniiirison,  which 
tlv  adniittrB?  ^'^>  specially  adapted  to  the  study  ot  liviiij,^  bodies,  and  by  which,  above  all 
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eyes  of   many.     I  sliould  be  suvry  to  suggest  that  tli 
speculators  on  scicntilic  classification  ]i;ive  been  \\\\Ak^\ 
])y  the  aucident  of  the  name  of  one  leading  branch  c 
Biology — Comparative    Anatoimj  ;    but    1     would   a>d 
whether  coDiparitiOit,  and  that  clas.siiication  which  is  tb 
result  of  comparison,  are  not  the  essence  of  every  sciein 
whatsoever?    How  is  it  possi])le  to  discover  a  relation (fl 
cause  and  effect  of  any  kind  without  comparing  a  seviij| 
of  cases  together  in  which  the  sup])osed  cause  and  etHc; 
occur  singly,  or   combined  ?     So   far   from    comparism, 
being  in  any  way  peculiar  to   Jiiological  science,  it  L>, 
i  think,  the  essence  of  every  science. 

A  speculative  philosopher  again  tells  us  that  tlicl 
Biological  sciences  are  distinguished  by  being  scienct^l 
of  observation  and  not  of  experiment !  ^ 

Of  all  the  strange  assertions  into  which  spcculatioDl 
without  practical  acquaintance  with  a  subject  may  letui 
even  an  able  man,  I  think  this  is  the  very  strangest] 
Physiology  not  an  experimental  science  !     Why,  there 

others,  that  stiuly  must  he  advanced.  In  Astronomy,  this  method  bl 
necessarily  ina|)[)lical>le  ;  and  it  is  not  till  we  arrive  at  Chemistry  that  thiJ 
thii'd  means  of  investi;,Mtion  can  be  used,  and  then  only  in  subordination  1 1 
the  two  others.  It  is  in  the  study,  l)oth  statical  and  dynamical,  of  livir.j 
bodies  that  it  first  ac(inires  its  full  develojunent  ;  and  its  use  elsewhere  c;i:[ 
be  only  Ihrou.uh  its  api)lication  here."-  Comte's  Fositice  Philosophy,  trans- 
lated by  Miss  Martineau.     Vol.  i.  p.  372.  I 

By  what  method  does  jSI.  Comte  suppose  that  the  equality  or  inequality  I 
fm-ces  and  quantities  and  the  dissimilarity  or  similarity  of  forms—  points:! 
some  slight  importance  not  only  in  Astronomy  and  Physics,  but  even  bl 
Mathematics— are  ascertained,  if  not  by  Comparison  i  I 

1  "  Proceediiij^-  to  the  second  class  of  means, —  Experiment  cannot  but  kl 
less  and  less  decisive,  in  proportion  to  the  complexity  of  the  ])haL'nomena  to  iJ 
explored  ;  and  therefore  we  saw  this  resource  to  be  less  eti'ectual  in  chemistnl 
than  in  physics  :  and  we  now  find  that  it  is  eminently  useful  in  chemistry  ill 
comparison  with  physiolo<;y.  In  fad,  the  nature  of  the  phnnomcna  seom^ 
offer  almost  insurinoiDdahle  impedients  to  any  e.rtensife  and  prolific  appU(i\ 
tion  of  such  a  procedure  in  biology.^' — Comte,  vol.  i.  p.  307. 

M.  Comte,  as  his  manner  is,  contradicts  himself  two  i)ages  further  on,  bi' 
that  will  hardly  relieve  him  from  the  responsibility  of  such  a  paragraph  i:| 
the  above. 


IS   that  tlkW" 
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s  not  {I  function  of  a  single  orgnn  in  tlui  l)0(ly  wliicli  lias 
nt  l)een  (IcterininccI  wholly  and  solely  l)y  experiment. 
()\v  did  Hai'V(^y  determine  the  natni-e  of  the  eireulntion, 
xc('}>t  hy  experiment  ?  JIow  did  Sir  (Jliarles  Bell  de- 
lormine  the  functions  of  the  roots  of  the  spinal  nei-ves, 
ive  hy  ex])eriment?  How  do  we  know  the  use  of  a 
iTve  at  all,  except  hy  experiment?  Nay,  how  do  you 
now  even  that  your  eye  is  your  seeing  m)})aratus,  unless 
oil  make  the  experiment  of  shutting  it ;  or  that  your 
111'  is  your  hearing  apparatus,  uidess  you  ch>se  it  up  and 
;li('i'ehy  discover  that  you  heeome  deaf? 
It  would  retdly  he  much  more  true  to  say  that  Phy- 
logy  is  tlw  experimental  science  jmr  excellence  of  all 


•iciices  ;  that  in   which  there  is  l(\Mst  to  be   leant  hv 

it'ic  observation,  and  that   which   affords  the   greatest 

It'ld  for  the  exercise  of  those  faculties  which  characterise 

lie  experimental   philosopher.      I  confess,    if  any   one 

rcre  to  ask  me  for  a  model  application  of  the  logic  ol" 

Ixporiment,  I  should  know  no  betti^r  work  to  put  into 

is  hands  than  Bernard's  late  Researches  on  the  Func- 

ions  of  the  Liver.^ 

Not  to  give  this  lecture  a  too  controversial  tone,  how- 

Ver,  I  must  only  advert  to  one  more  doctrine,  htdd  by  ii 

linker  of  our  own  age  and  country,  whose;  o})iiiions  are 

h'rtliy  of  all  respect.     It  is,  that  the  Biological  sciences 

[itler  from  all  others,  inasmuch  as  in  them  classification 

likes  place  by  type  and  not  by  definition.^ 

''  "Xouvelle  Fonction  du  Foie  consider^  comme  orfjane  prodncteur  do 
atiere  sncree  chez  rHonime  et  les  Aniniaux,"  par  M.  Claude  Bernard. 

" Nafnral  Gronpa  qirot  hy  Ttqii\  not  hij  Dijinituni  ....  The  class  is 
badily  fixed,  thou;:rh  not  precisely  liinited  ;  it  is  <ziven,  thou<,'h  not  circuni- 
Jrilied  ;  it  is  determined,  not  by  a  lioundary-line  without,  but  by  a  cential 
|int  within  ;  not  by  what  it  strictly  excUides,  but  what  it  eminently  includes  ; 

iiii  example,  not  by  a  precept ;  in  short,  instead  of  Definition  we  have  a 
Ifyc  for  our  director.     A  type  is  an  example  of  any  class,  for  instance,  a 

't'ies  of  a  j^enus,  which  is  considered  as  eminently  possessin*,'  the  chamctt  is 
[the  class.     All  the  species  which  have  a  greater  attinity  with  this  typc- 
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It  is  said,  in  short,  that  a  natural-history  class  is  noii 
capable  of  being  defined — that  the  class  Rosaceoe,  m 
instance,  or  the  class  of  Fishes,  is  not  accurately  aii'l 
absolutely  definable,  inasmuch  as  its  mem])ers  will  piv.l 
sent  exceptions  to  every  possible  definition ;  and  tlia;| 
the  meml)ers  of  the  class  are  united  together  only  \\ 
the  circumstance  that  they  are  all  more  like  soniT 
imaginary  average  rose  or  average  fish,  than  tlicl 
resemble  anything  else. 

But  here,  as  before,  I  think  the  distinction  has  arisi J 
entirely  from  confusing  a  transitory  imperfection  witi 
an  essential  character.     So  long  as  our  information  conf 
cerning  them  is  imperfect,  we  class  all  objects  togety 
according  to   resemblances  which  we  feel,  but  cannoi 
define ;  we  group  them  round  types,  in  short.     TlmJ 
if  you  ask  an  ordinary  person  what  kinds  of  anima 
there  are,  he  will  probably  say,  beasts,  birds,  reptile«| 
fishes,  insects,  &c.     Ask  him  to  define  a  beast  from 
reptile,  and  he  cannot  do  it ;  but  he  says,  things  like 
cow  or  a  horse  are  beasts,  and  things  like  a  frog  or 
lizard  are  reptiles.     You  see  lie  does  class  by  type,  anl 
not  by  definition.     But  how  does  this  classification  dm 
from  that  of  the  scientific  Zoologist  ?     How  does  tlij 
meaning  of   the  scientific   class-name  of  "  Mamni   ia 
differ  from  the  unscientific  of  *' Beasts"? 

Why,  exactly  because  the  former  depends  on  a  clef] 
nition,  the  latter  on  a  type.  The  class  Mammalia 
sci(Mitifically  defined  as  "  all  animals  which  have  a  veil 
tebrated  skeleton  and  suckle  their  young."  Here  is  e[ 
reference  to  type,  but  a  definition  rigorous  enough  fori 
geometrician.  And  such  is  the  character  whieh  eveii 
scientific  naturalist  recognises  as  that  to  which  his  classtl 

species  than  with  any  others,  form  the  genus,  and  are  ranged  about 
deviating  from  it  in  various  directions  and  different  degrees." — WnEWiii; 
Tlie  Philosophy  of  the  Inductive  Sciences,  vol.  i  pp.  476,  477. 
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must  aspire — knowing,  as  he  does,  tliat  classification  l»y 
type  is  simply  an  {icknowlcdgment  of  ignorance  and  a 
temporary  device. 

So  much  in  the  way  of  negative  argument  as  against 
Ithc  reputed  differences,  between  Biological  and  other 
methods.  No  such  differences,  I  believe,  really  exist. 
ItIic  sul)ject-matter  of  Biological  science  is  different 
Ifrom  that  of  other  sciences,  but  the  methods  of  all  are 
lidentical ;  and  these  methods  are — 

1.  Observation  of  facts — including  under  this  head 
[that  artificial  observation  which  is  called  experiment. 

2.  That  process  of  tying  up  similar  facts  into  bundles, 
ticketed  and  ready  for  use,  which  is  called  Comparison 
md  Classification, — the  results  of  the  process,  the 
ticketed  bundles,  being  named  General  j^'^'oposition.s. 

3.  Deduction,  which  takes  us  from  the  general  pro- 
)osition  to  facts  again — teaches  us,  if  I  may  so  say,  to 
inticipate  from  the  ticket  what  is  inside  the  bundle. 
Lnd  finally — 

4.  Verification,  which  is  the  process  of  ascertaining 
diether,  in  point  of  flict,  our  anticipation  is  a  correct 
)ne. 

Such  are  the  methods  of  all  science  whatsoever ;  but 
3crliaps  you  will  permit  me  to  give  you  an  illustration 
3f  their  employment  in  the  science  of  Life  ;  and  I  will 
bike  as  a  special  case,  the  establishment  of  the  doctrine 
|f  the  Circulation  of  the  Blood. 

In  this  case,  simple  obserration  yields  us  a  knowledge 
\i  the  existence  of  the  blood  from  some  accidental 
icemorrhage,  we  Avill  say  :   wo  may  even  grant  that  it 

iforms  us  of  the  localization  of  this  blood  in  particular 
Vessels,  the  heart,  &c.,  from  some  accidental  cut  or  the 

ke.     It  teaches  also  the  existence  of  a  pulse  in  variouK 

•arts  of  the  body,  and  acquaints  us  with  the  structure  of 

le  heart  and  vessels. 
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Here,  howevci',  shnj^le  ohscrvation  stops,  and  \\\ 
must  have  rt'course  to  cj'perimoit. 

Yuu  tie  a  vein,  and  you  find  that  the  l)lood  aceunm. 
lates  on  the  side  of  the  ligature  oj)po.site  the  heart.  Yoni 
tie  an  arteiy,  and  you  lind  that  the  blood  aeeumulatcJ 
on  th(!  side  near  the  heart.  Open  the  ehe.st,  and  youl 
see  the  heart  eontraeting  with  great  force.  Make  ojun- 
ings  into  its  principal  cavities,  and  you  will  find  th;i:| 
all  the  l)lood  flows  out,  and  no  more  pressure  is  exerted | 
on  either  side  of  the  arterial  or  venous  ligature. 

Now  all  these  facts,  taken  together,  constitute  tlit; 
evidence  that  the  blood  is  propelled  by  the  heart  throiiglil 
till'  art(^ries,  and  returns  by  the  veins — that,  in  short,  thtl 
])lood  cii'culates. 

Suppose  our  experiments  and  observations  have  hecnl 
made  on  horses,  then  we  group  and  ticket  them  into  al 
general  proposition,  thus  : — all  horses  have  a  clvcidatl()i\ 
(if  their  hlood. 

Henceforward  a  horse  is  a  sort  of  indication  or  Lilicl,) 
teding  us  where  we  shall  find  a  peculiar  series  of  pbi^J 
nomena  called  the  circulation  of  the  blood. 

Here  is  oiu'  general  2>^'oposition  then. 

How  and  when  are  we  justified  in  making  our  ne.\:| 
step — a  deduction  from  it? 

Suppose  our  physiologist,  whose  experience  is  limiteii 
to  horses,  meets  with  a  zebra  for  the  first  time, — will  licl 
suppose  that  this  generalization  holds  good  for  zebraj| 
also  ? 

That  depends  very  much  on  his  turn  of  mind.  Buil 
we  will  suppose  him  to  be  a  bold  man.  He  will  sav.l 
"  The  zebra  is  certainly  not  a  horse,  but  it  is  very  likj 
one, — so  like,  that  it  must  be  the  *  ticket '  or  mark  of 
blood-circulation  also ;  and,  I  conclude  that  the  zebn] 
has  a  circulation." 

That  is  a  deduction,  a  very  fair  deduction,  but  by  nil 
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means  to  be  considered  scientifically  sceuro.  This  last 
(iiijility  i)i  fact  can  oidy  be  given  by  irrijicrtfiun — tliMt 
is  l»v  niMking  a  zebra  tlu^  sul)ject  of  all  the  experiments 
performed  on  the  horse.  Of  course,  in  the  present  case, 
the  (h'd'U'tiou  would  be  confirmed  l)y  this  process  (►f 
verification,  and  the  rcisult  would  be,  not  merely  a 
i)(),sitive  widening  of  knowledge,  but  a  fair  increiise  of 
confidence  in  the  truth  of  ones  generalizations  in  other 
cases. 

Thus,  having  settled  the  point  in  the  zebra  and  horse, 
our  philosopher  would  have  great  confidence  in  the  ex- 
listence  of  a  circulation  in  the  ass.  Nay,  I  fancy  most 
pei'sons  would  excuse  him,  if  in  this  case  he  did  not 
'tcikc  the  trouble  to  go  through  the  process  of  verification 
nt  all ;  and  it  would  not  be  without  a  parallel  in  th(^ 
history  of  the  human  mind,  if  our  imaginary  physiologist 
now  maintained  that  he  was  acquainted  with  asinine 
|circulation  d  jyriori. 

However,  if  I  might  impress  any  caution  upon  your 
Imiiids,  it  is,  the  utterly  conditional  nature  of  all  our 
Ikuowlcdge, — the  danger  of  neglecting  the  process  of 
Iverification  under  any  circumstances  ;  and  the  film  upon 
jwhich  we  rest,  the  moment  our  deductions  curry  us 
)cyond  the  reach  of  this  great  process  of  verification. 
[There  is  no  better  instance  of  this  than  is  afforded  by 
the  history  of  our  knowledge  of  the  circulation  of  the 
3lood  in  the  animal  kingdom  until  the  year  1824.  Jn 
3very  animal  possessing  a  circulation  at  all,  which  ha<l 
)een  observed  up  to  that  time,  the  current  of  the  blood 
|\vas  known  to  take  one  definite  and  invariable  direction. 
S'ow,  there  is  a  class  of  animals  called  Ascidicms,  which 
)ossess  a  heart  and  a  circulation,  and  up  to  the  period  of 
|vvhich  I  speak,  no  one  wuuld  have  dreamt  of  questioning 
the  propriety  of  the  deduction,  that  these  creatures  have 
circulation  in  one  direction ;  nor  would  any  one  have 
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tliouglit  it  worth  while  to  verify  the  point.  But,  in  that  I 
year,  M.  von  Htisselt  happening  to  examine  a  transpaiin; 
animal  of  this  elass,  found  to  his  infinite  surprise,  tliat 
after  the  heart  had  l)eat  a  certain  number  of  times,  it 
stopped,  and  then  began  beating  the  opposite  way — so 
as  to  reverse  the  course  of  the  current,  which  returned  by 
and  by  to  its  original  direction. 

I  have  myself  timed  the  heart  of  these  little  aniniak| 
1  f(jund  it  as  regular  as  possible  in  its  periods  of  reversal: 
and  I  know  no  spectacle  in  the  animal  kingdom  morel 
wonderful  than  that  which  it  presents — all  the  morel 
wonderful  that  to  this  day  it  remains  an  unique  facil 
peculiar  to  this  class  among  the  whole  animated  woildl 
At  the  same  time  I  know  of  no  more  striking  case  o(| 
the  necessity  of  the  verification  of  even  those  deduo 
tions  which  seem  founded  on  the  widest  and  safesti 
inductions. 

Such  are  the  methods  of  Biologj^ — methods  which  arJ 
obviously  identical  with  those  of  all  other  sciences,  aiiJ 
therefore  wholly  incompetent  to  form  the  ground  of  auyl 
distinction  between  it  and  tliem.^ 

But  I  shall  be  asked  at  once,  Do  you  mean  to  sajl 
that  there  is  no  difference  between  the  habit  of  miiiiil 
of  a  mathematician  and  that  of  a  naturalist  ?  Do  yc 
imagine  that  Laplace  might  have  been  put  into  tlitl 
Jardin  des  Plantes,  and  Cuvier  into  the  Observator}! 
with  equal  advantage  to  the  progress  of  the  scienceil 
they  professed  ? 

To  which  I  would  reply,  that  nothing  could  be  furtlieil 
from  my  thoughts.  But  different  habits  and  varioiii 
special  tendencies  of  two  sciences  do  not  imply  differeiii[ 
methods.  The  mountaineer  and  the  man  of  the  plaiiii 
have   very    different    habits   of  progression,   and   eacl| 

*  Save  for  the  pleasure  of  doing  so,  I  need  hardly  point  out  my  obligationi 
to  Mr.  J.  S.  Mill's  "  System  of  Logic,"  in  this  view  of  scientific  method. 


)cls  which  arti 
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Kvould  he  at  a  loss  in  the  other's  place  ;  but  the  method 
lof  pro<'Tessioii,  by  puttino-  one  h'g  before  the  otlier,  is 
Ithc  same  in  each  case.  Every  stej)  of  each  is  a  conibi- 
Inutiou  of  a  lift  and  a  push  ;  but  the  mountaineer  lifts 
nore  and  the  lowlander  i)ushes  more.  And  I  think  the 
lease  of  two  sciences  resend)les  this. 

I  do  not  question  for  a  moment,  that  while  the  ^lathe- 
iiatician  is  busied  with  deductions  from  general  pro- 
)ositions,  the  Biologist  is  more  especially  occupied  with 
ibscrvation,  comparison,  and  those  processes  which  lead 
to  general  propositions.  All  I  wish  to  insist  upon  is, 
that  this  difference  depends  not  on  any  fundamental 
listinction  in  the  sciences  themselves,  but  on  the  ac- 
cidents of  their  sul)ject-matter,  of  their  relative  com- 
)lcxity,  and  consequent  relative  perfection. 

The  ^lathematician  deals  with  two  properties  of 
)bjects  only,  number  and  extension,  and  all  the  in- 
luctions  he  Avants  have  been  formed  and  finished  ages 
igo.  He  is  occupied  now^  with  nothing  but  deduction 
iiid  verification. 

The  Biologist  deals  with  a  vast  number  of  properties 
)f  objects,  and  his  inductions  wdl  not  be  completed,  I 
fear,  lor  ages  to  come ;  but  when  they  are,  his  science 
rill  be  as  deductive  and  as  exact  as  the  Mathematics 
lemselves. 

Such  is  the  relation  of  Biology  to  those  sciences  which 
leal  with  objects  having  fewer  properties  than  itself. 
]ut  as  the  student,  in  reaching  Biology,  looks  back  upon 
[cicnces  of  a  less  com[)lex  and  therefore  more  perfect 
lature ;  so,  on  the  other  hand,  does  he  look  forward  to 
bther  more  complex  and  less  perfect  branches  of  know- 
ledge. Biology  deals  only  with  living  beings  as  isolated 
[liiiigs — treats  only  of  the  life  of  the  individual  :  but 
here  is  a  higher  division  of  science  still,  which  considers 
living  beings  as  aggregates — which  deals  with  the  rela- 
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tion  of  liviniT  Ihmiiu'h  oho  to  Muotlicr — the  sciciu'c  wliiii 
obscrrcs  iiK.'ii — wliosi^  crpo'inicufs  ni'c  made  uy  uiitini 
ono  U[)Oii  another,  in  batlKj-ticKls — wliosc^  r/cz/rra/ y>/'oy,. 
sitlo)i.s  are  embodied  in  history,  morality,  and  reliu,ioii  - 
whose  deductions  lead  to  our  ha[)]>iness  or  our  niisLiv, 
— and  whose  verifications  so  often  come  too  hite,  aiii  | 
serve  only 

"  To  point  a  moral  or  adorn  a  tale  " — 


H  W 


I  mean  the  science  of  Society  or  Sociolo(pj. 

I  think  it  is  one  of  the  grandest  features  of  Biolocry, 
that  it  occupies  this   central  position  in  human  kiiu\v| 
ledge.      There   is   no  side  of    the   human   mind   wlilii 
physiological  study  leaves  uncultivated.     Connected  In 
innumerable  ties  with  abstract  science,  Physiology  is  yiJ 
in  the  most  intimate  relation  with  humanity ;    mid  liv 
teaching  us  that  law  and  order,  and  a  definite  sclieiii-; 
of  development,  regulate  even  the  strangest  and  wildts;! 
manifestations  of  individual  life,  she  prepares  the  studuuif 
to  look  for  a  goal  even  amidst  the  erratic  wanderings  oil 
mankind,  and  to  believe  that  history  offers  sometliiiij 
more  than  an  entertaining  chaos — a  journal  of  a  toilsoiiit 
traiji-comic  march  nowhither. 

The  preceding  considerations  have,  I  hope,  served  t[ 
indicate  the  replies  which  befit  the  two  first  of  tiki 
questions  which  I  set  before  you  at  starting,  viz.  whatii 
the  range  and  position  of  Physiological  Science  as  J 
branch  of  knowledge,  and  what  is  its  value  as  a  meau| 
of  mental  discipline. 

Its  suhject- matter  is  a  large  moiety  of  the  universe- 
its  2^osition  is  midway  between  the  physico-chemical  anJ 
the  social  sciences.     Its  value  as  a  branch  of  discipliiit| 
is  partly  that  which  it  has  in  common  with,  all  sciences- 
the  training  and  strengthening  of  common  sense ;  partlil 
that  which  is  more  peculiar  to  itself — the  great  exercis 
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\\\\\A\  it  atlonlH  to  the  facultii's  of  ol)si'rvation  {iiid  com- 
piirisoii ;  and  I  may  add,  the  c.vnctncss  of  kiiowlcdne 
which  it  rt'<iiiin's  on  the  part  of  tho.su  umong  its  votaries 
who  desire  to  extend  its  boundaries. 

If  what  has  ])een  said  as  to  the  position  and  seopo 
of  l5ioh)gy  h<'  eorreet,  our  tliird  (juestion — What  is  the 
practieal  value  of  piiysioh)gieal  instruction? — niigiit,  one 
wuukl  think,  he  h'ft  to  answer  itself 

On  other  gnninds  even,  were  mankind  deserving  of 
the  title  "  rational,"  which  they  urrogato  to  themselves, 
there  can  be  no  question  that  they  would  consider,  as  the 
most  neeesstiiy  of  all  branches  of  instruction  for  them- 
selves and  for  their  children,  that  which  })rofesses  to 
acquaint  them  with  the  conditions  of  the  existence  they 
prize  so  highly — which  teaches  them  how  to  avoid 
disease  and  to  ('hcrish  health,  in  themselves  and  those 
who  are  dear  to  them. 

I  am  addressing,  I  imagine,  an  audience  of  educated 
Ipersous ;  and  yet  1  dare  venture  to  assert  that,  with  the 
xeeption  of  those  of  my  hearers  who   may  chance  to 
live  re(?eived  a  medical  education,  there  is  not  one  who 
jould  tell  me  what  is  the  meaning  and  use  of  an  act 
hich  he  performs  a  score  of  times  every  minute,  and 
hose  suspension  would  involve  his  immediate  death  ; — 
mean  the  act  of  breathing — or  who  could  state  in 
recise  terms  why  it  is  that  a  confined  atmosphere  is 
ijurious  to  health. 

The  practical  value  of  Physiological  knowledge ! 
Hiy  is  it  that  educated  men  can  be  found  to  maintain 
hat  a  slaughter-house  in  the  midst  of  a  great  city  is 
'uther  a  good  thing  than  otherwise  ? — tliat  mothers 
ersist  in  exposing  the  largest  possible  amount  of  surface 
if  their  children  to  the  cold,  by  the  absurd  style  of  dress 
ey  adopt,  and  then  marvel  at  the  peculiar  dispensation 
f  Providence,  which  removes  their  infants  by  bronchitis 
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f.iul  gastric  fcviT  ?  Wliy  is  it  that  qujickcry  rides  riini. 
]»ant  over  tlw;  land  ;  and  that  not  hui*^  a^^^o,  one  of  tin; 
largest  ]ml>li(;  rooms  in  this  great  city  could  ))e  filled  liv 
an  audience  gravely  listening  to  thc^  reverend  cxpo.sitdrl 
of  the  doctrine — that  the  sinii»le  physiological  phiunoniina 
known  as  spirit-rap})ing,  tahle-turning,  phrcno-magnetisml 
and  by  1  know  not  what  other  absurd  and  inapi)ropriiUi 
names,  are  due  to  the  direct  and  i)ersonal  agency  of  Satan  | 

AVhy  is  all  this,  except  from  the  utter  ignorance  as  ti 
the  sim])lest  laws  of  their  own  animal  life,  which  prevaik| 
among  even  the  most  highly  educated  j)er8on.s  in  tliij 
country  1 

But  there  are  other  branches  of  Biological  Science,  I 
besides  Physiology  proper,  whose  practical  influeiioi', 
though  less  ol)vious,  is  not,  as  I  believe,  less  certain.  1 
have  heard  educated  men  speak  with  an  ill-disguisej 
contempt  of  the  studies  of  the  naturalist,  and  ask,  notl 
without  a  shrug,  "  What  is  the  use  of  knowing  all  about 
these  miserable  animals — what  bearing  has  it  on  humacl 
life  ?  " 

I  will  endeavour  to  answer  that  question.     I  take  it| 
that  all  will  admit  there  is  definite  Government  of  tlii: 
universe — that  its  pleasures  and  pains  are  not  scattonJ 
at  random,  but  are  distributed  in  accordance  with  orderlvl 
and  fixed  laws,  and  that  it  is  only  in  accordance  ^vitll| 
all  we  know  of  the  rest  of  the  world,  that  there  shoi 
be  an  agreement  between  one  portion  of  the  sensitivt] 
creation  and  another  in  these  matters. 

Surely  then  it  interests  us  to  know  the  lot  of  otluJ 
animal  creatures — however  far  below  us,  they  are  still 
the  sole  created  things  which  share  with  us  the  capabiliti| 
of  pleasure  and  the  susceptibility  to  pain. 

I  cannot  but  think  that  he  who  finds  a  certain  pro 
portion  of  pain  and  evil  inseparably  woven  up  in  the  littj 
of  the  very  worms,  will  bear  his  own  share  with  mop 
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?ouriif;i'  sind  sulniiission  ;  and  will,  at  any  rato,  view  with 

jiisnicioii   those   weakly  amiahle  theories  of  the  Divine 

roveinmeiit,  which  would  have  us  believe  ])ain  to  be  au 

)vcrsi;,dit  and  a  mistake, — to   be   correeted  by  and  by. 

)ii  the   other   hand,    the    jiredoniinanee    of    ha|)})iness 

uaong  living  things — their  lavish  beauty — tlu;  seeret  and 

londerful  harmony  which  pervades  them  all,  fnmi  the 

liglicst  to  the  lowest,  are  ecjually  striking  refutations  of 

that  modern   Mani(;liean    doctrine,  which    exhibits   the 

rorld  as  a  slave-mill,  worked  with  many  tears,  for  mere 

itilitarian  ends. 

There  is  yet  another  way  in  whi(.'h  natural  history 

lay,  I  am  convinced,  take  a  profound  hold  U})on  practical 

life,— and  that  is,  by  its  influence  over  our  finer  feelings, 

is  the  greatest  of  all  sources  of  that  pleasure  which  is 

Icrivable  from  beauty.      1  do  not  pretend  that  natural- 

listory  knowledge,  as  such,  can  increase  our  sense  of  the 

)eautiful  in  natural  objects.     I  do  not  suppose  that  the 

lead  soul   of  Peter  Bell,  of  whom  the  great  poet  of 

lature  says, — 

A  primrose  by  the  river's  brim, 
A  yellow  primrose  was  to  him, — 
And  it  was  nothing  more, — 

rould  have  been  a  whit  roused  from  its  apathy,  by  the 
iformation  that  the  primrose  is  a  Dicotyledonous 
ilxogen,  with  a  monopetalous  corolla  and  central  placen- 
ition.  But  I  advocate  natural-history  knowledge  from 
lis  point  of  view,  because  it  would  lead  us  to  seek  the 
?auties  of  natural  objects,  instead  of  trusting  to  chance 
force  them  on  our  attention.  To  a  person  uninstructed 
natural  history,  his  country,  or  sea-side,  stroll  is  a  walk 
irough  a  gallery  tilled  with  wonderful  works  of  art, 
line-tenths  of  which  have  their  faces  turned  to  the  wall, 
[each  him  something  of  natural  history,  and  you  place 
his  hands   a   catalogue   of  those   which   are   worth 
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turning  round.     Surely  our  innocent  pleasures  are  not 
abundimt  in  this  life,  that  we  can  afford  to  despise  tliij 
or  any  other  source  of   them.     AVe  should  fear  l)oiii; 
hanished  for  our  neglect  to  that  limbo,  where  the  groa; 
P'lorcntine  tells  us  are  tliose  who,  during  this  life,  "  weir 
when  they  might  he  joyful." 

But  I  shall  })e  trespassing  unwarrantably  on  yoiiJ 
kindness,  if  I  do  not  proceed  at  once  to  my  last  point-l 
the  time  at  which  Physiological  Science  should  first  forcl 
a  part  of  the  Curriculum  of  Education. 

The  distinction  between  the  teaching  of  the  facts  of; 
science  as  instruction,  and  the  teaching  it  systematicalkl 
as  knowledge,  has  already  been  placed  before  you  in 
previous  lecture  :  and  it  appears  to  me,  that,  as  wiiJ 
other  sciences,  the  common  facts  of  Biology — the  uscsol 
parts  of  the  body — the  names  and  habits  of  the  liviiil 
creatures  which  surround  us — may  1)6  taught  wiq 
advantage  to  the  youngest  child.  Indeed,  the  avidity  ol 
children  for  this  kind  of  knowledge,  and  the  comparativj 
ease  with  which  they  retain  it,  is  sometliing  qiii!| 
marvellous.  I  doubt  whether  any  toy  would  he 
acceptable  to  young  children  as  a  vivarium,  of  the  sa 
kind  as,  but  of  course  on  a  smaller  scale  than,  tiio?| 
admirable  devices  in  the  Zooloo-ical  Gardens. 

On  the  other  hand,  svstematic  teachinc:  in  Bioloii 
cannot  be  attempted  with  success  until  the  student  \\\ 
attained  to  a  certain  knowledge  of  physics  and  chemistiyl 
for  though  the  phoenomena  of  life  are  dependent  neitk 
on  physical  nor  on  chemical,  but  on  vital  forces,  yet  tlij 
result  in  all  sorts  of  physical  and  chemical  cliangt: 
which  can  only  be  judged  by  theii*  own  laws. 

And  now  to  sum  up  in  a  few  words  the  conclusions:] 
which  I  hope  you  see  reason  to  follow  me. 

Biology  needs  no  apologist  when  she  demands  a  pla 
— and  a  prominent  place — in  any  scheme  of  educatiJ 
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Ivvoitliy  of    the   name.      Leave    out  the   Physiological 

Bcii'iices  from    your   curriculum,   and    you   launch   the 

student   into   the   world,   undisciplined   in  that  science 

,liosc  subject-matter  would  best  develop  his  powers  of 

)ljservation  ;  ignorant  of  facts  oi  the  deepest  importance 

fur  liis  own  and  others'  welfare ;    blind  to  the  richest 

)ui'ces  of   beauty  in  God's  creation  ;    and  unprovided 

^ith  that  belief  in  a  living  law,  and  an  (jrder  manifesting 

[tself  in  and  through  endless  change  and  variety,  which 

uigiit  serve  to  check  and  moderate  that  phase  of  despair 

llirough  which,  if  he  take  an  earnest  interest  in  social 

Iroblems,  he  will  assuredly  sooner  or  later  pass. 

Finally,  one  word  for  myself.     I  have  not  hesitated  to 

[teak  strongly  where  I  have  felt  strongly ;  and  I  am  but 

)o  conscious  that  the  indicative  and  imperative  moods 

liive  too  often  taken  the  place  of  the  more  becoming 

ibjunctive    and    conditional.      I   feel,   therefore,   how 

[ecessary  it  is  to  beg  you  to  forget  the  personality  of 

lim  who  has  thus  ventured  to  address  you,  and  to  con- 

jtler  only  the  truth  or  error  in  what  has  been  said. 
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VI. 

ON  THE  STUDY  OF  ZOOLOGY. 

Natural  History  is  the  name  familiarly  applied  to  tkl 
study  of  the  properties  of  such  natural  bodies  as  mine-l 
rals,  plants,  and  animals ;  the  sciences  which  embodji 
the  knowledge  man  has  acquired  upon  these  subjecJ 
are  commonly  termed  Natural  Sciences,  in  contradistinci 
tion  to  other,  so-called  "  physical,"  sciences ;  and  thoJ 
who  devote  themselves  especially  to  the  pursuit  o:| 
such  sciences  have  been,  and  are,  commonly  termec| 
"  Naturalists." 

Linnseus  was  a  naturalist  in  this  wide  sense,  and  Ml 
*'  Systema  Naturoe  "  was  a  work  upon  natural  histoiy,  ii[ 
the  broadest  acceptation  of  the  term ;  in  it,  that  grenj 
methodizing  spirit  embodied  all  that  was  known  in  liif 
time  of  the  distinctive  characters  of  minerals,  animal}) 
and  plants.  But  the  enormous  stimulus  which  LinnseuJ 
gave  to  the  investigation  of  nature  soon  rendered  i| 
impossible  that  any  one  man  should  write  anotliei 
**  Systema  Naturae,"  and  extremely  difficult  for  any  oiif| 
to  become  a  naturalist  such  as  Linngeus  was. 

Great  as  have  been  the  advances  made  by  all  the  tliret 
branches  of  science,  of  old  included  under  the  title  (i 
natural  history,  there  can  be  no  doubt  that  zoology  anl 
botany  have  grown  in  an  enormously  greater  ratio  tliaf 
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mineralogy ;  and  hence,  as  I  suppose,  the  name  of 
"  natural  history  "  has  gradually  become  more  and  more 
I  definitely  attached  to  these  prominent  divisions  of  the 
subject,  and  by  "naturalist"  people  have  meant  more 
and  more  distinctly  to  imply  a  student  of  the  structure 
land  functions  of  living  beings. 

However  this  may  be,  it  is  certain  that  the  advance  of 
I  knowledge  has  gradually  widened  the  distance  between 
mineralogy  and  its  old  associates,  while  it  has  drawn 
zoology  and  botany  closer  together ;  so  that  of  late  years 
it  has  been  found  convenient  (and  indeed  necessary)  to 
lassociate  the  sciences  which  deal  with  vitality  and  all  its 
Iphenomena  under  the  common  head  of  "  biology ; "  and 
Itlie  biologists  have  come  to  repudiate  any  blood-relation- 
ship with  their  foster-brothers,  the  mineralogists. 

Certain  broad  laws  have  a  general  application  through- 
3ut  both  the  animal  and  the  vegetable  worlds,  but  the 
round  common  to  these  kingdoms  of  nature  is  not  of 
^ery  wide  extent,  and  the  multiplicity  of  details  is  so 
reat,  that  the  student  of  living  beings  finds  himself 
)bliged  to  devote  his  attention  exclusively  either  to  the 
)ne  or  the  other.  If  he  elects  to  study  plants,  under 
my  aspect,  we  know  at  once  what  to  call  him ;  he  is  a 
3otanist,  and  his  science  is  botany.  But  if  the  investi- 
gation of  animal  life  be  his  choice,  the  name  generally 
applied  to  him  will  vary,  according  to  the  kind  of 
mimals  he  studies,  or  the  particular  phoenomena  of 
mimal  life  to  which  he  confines  his  attention.  If  the 
^tudy  of  man  is  his  object,  he  is  called  an  anatomist,  or 
physiologist,  or  an  ethnologist ;  but  if  he  dissects 
bimals,  or  examines  into  the  mode  in  v/hich  their  func- 
tions are  performed,  he  is  a  comparative  anatomist  or 
komparative  physiologist.  If  he  turns  his  attention  to 
[ossil  animals,  he  is  a  palaeontologist.  If  his  mind  is 
lore  particularly   directed  to   the   description,  specific 
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discrimination,  clnssific^ution,  and  distriljution  of  aniniul^, 
lie  is  termed  a.  zoologist. 

For  the  piir[)OHes  of  tlie  present  discourse,  liowevcr,  I 
shall  recognise;  none  of  tlicH«!  titles  save  tlu;  Inst,  wliicli  | 
shall  em])loy  {is  tlie  ccpiivah'nt  of  botanist,  and  1  shall 
use  the  term  zoology  as  denoting  the  whole  doctrinr; 
of  animal  life;,  in  contnidistinction  to  hotany,  wliicii 
signifies  the  whole-  doctrine  of  v<'!''etid)le  life. 

Jl^mployed  in  this  s(;nse,  zoology,  like  botany,  is  di- 
visible into  three  great  but  suboi-dinate  sci(!nc<'s,  inor- 
j)hology,  ]>hysiol()gy,  and  distiibution,  cMch  of  wliiili 
may,  to  a  veiy  great  extent,  be  studied  independently 
of  the  other. 

Zoological  morphology  is  th(^  doctrine  of  animal  fonii 
or  structure.  Anatomy  is  one  of  its  branches,  devc'lojhl 
mcnt  is  another ;  while  ('lassification  is  the  expressioiJ 
of  the  relations  which  diffei'ent  animals  bear  to  m\ 
another,  in  respect  of  their  anatomy  and  their  develo{^| 
ment. 

Zoological  distribution    is    the    study   of   .animals  ii;| 
relation  to  the  teri'csti'ial  conditions  ^\bicll  obtain  now.l 
or  have  obtained  at  any  previous  e[)och  of  the  cartli' 
history. 

Zoological  physiology,   lastly,   is  the  doctrine  of  tki 
functions  or  actions  of  animals.    It  rc-gards  animal  boditJ 
as  machines  imjx'lled  by  certain  forces,  and  performiiij 
an  amount  of  work,  which  can  be  exjnessed  in  terms  o;] 
the  ordinary  foi'ces  of  nature.     The  iin.al  object  of  phy- 
siology is  to  deduce  the  facts  of  morphology,  on  the  oii' 
hand,  and  thoscj  of  distribution  on  the  other,  from  tk 
laws  of  the  molecular  forces  of  matter. 

Such  is  the  scope  of  zoology.  I  hit  if  I  were  to  coiitcnll 
myself  with  the  enum-iation  of  these  dry  definitions, 
should  ill  exemplify  that  method  of  teaching  this  bruini. 
of  physical  science,  which  it  is  my  chief  business  to 
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ji'flit  to  rocommond.  Lot  us  turn  away  tlion  from 
il).stnict  (IcfiuitionH.  Lot  us  take  Komc  (M)norcto  living 
tliiii'S  som(;  animal,  tlio  oomnionor  the;  hotter,  and  lot  us 
SCO  iiow  tlio  application  of  ofjmmon  sonso  and  common 
[o^ric  to  the  ol>vious  facts  it  presents,  inevitably  leads  us 
Into  .'ill  tliose  branclu'S  of  zoolo«j^ic;d  S(;ience. 

I  have  before  m(}  a  lobster.      VVIk'U  I  examine  it,  what 

ippcars  to  ho  the  most  striking  character  it  pi'osents  ? 

Yhy,  J  ol)scrvo  that  this  part  which  we  call  the  tail  of 

Ihe  lo])stor,  is  made  up  of  six  distinct  hard  rings  and  a 

:'V(,'nth  terminal  j)iec(!.      If  1  separate  one  of  the  middhi 

kii'^s,  say  the  third,  1  find  it  carries  upon  its  under  sur- 

(;(3  a  pair  of  limbs  or  appendages,  each  of  whi(;h  con- 

list.s  of  a  stalk  and  two  terminal  pieces.     ^50  that  I  can 

[e|tresont  a  transverse  section  of  tlu^  I'ing  and  its  appon- 

ii(rcs  upon  the  diagram  ])oard  in  this  way. 

If  I  now  take  the  foui'th  ring  I  find  it  has  the  same 
tructure,  and  so  have  the  fifth  and  the  second  ;  so  that, 
eacli  of  those  divisions  of  the  tail,  I  find  parts  which 
)rrc'Spond  with  one  another,  a  ring  and  two  appendages ; 
1(1  in  each  ap[)endage  a  stalk  and  two  end  pieces. 
fliosc  corres[)onding  parts  are  called,  in  the  technical 
in^uage  of  anatomy,  "  homologous  parts."  The  ring 
die  third  division  is  the  "  hcmioloi^uc"  of  the  rinir 
the  fifth,  the  appendage  of  the  former  is  the  homo- 
)gue  of  the  a|)pondage  of  the  latter.  And,  as  each 
[ivision  exhibits  corresponding  parts  in  C(jrresponding 
Liccs,  we  say  that  all  the  divisions  are  constructed  upon 
le  same  plan.  ]5ut  now  let  us  consider  the  sixth  di- 
isi(m.  It  is  similar  to,  and  yet  different  fi'om,  the 
fclH3r8.  The  ring  is  essentially  the  same  as  in  the  other 
livisions ;  but  tlie  appendages  look  at  first  as  if  they 
[ere  very  different ;  and  yet  when  wo  regard  them 
losoly,  what  do  we  find  1  A  stalk  and  two  terminal 
bvi.sions,  exactly  as  in  the  others,  but  the  stalk  is  very 
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slinrt  and  vory  thick,  tlio  terminal  divisions  arc  von- 
l)rn;id  and  flat,  and  one  of  them  is  divided  into  i\v,j| 
j)ieees. 

1  may  sfiy,  therefore,  that  the  sixth  segment  is  like  tli.; 
others  in  plan,  l)ut  tliat  it  is  modified  in  its  details. 

The  fii'st  segment  is  like  the  others,  so  far  as  its  liiiffi;] 
r-onecirned,  and  though  its  aj>])endages  differ  from  anyif 
those  yet  examined  in  the  simplicity  of  their  sti'uctiiK 
parts  coiTcsponding  with  the  stem  and  one  of  the  divil 
sions  of  the  ai)})en(higes  of  the  other  segments  eau 
reudily  discerned  in  them. 

Thus  it  appears  tijat  the  lohster's  tail  is  comj)OSG(l  oil 
n,  series  of  segments  which   are  fundamentally  siniilarJ 
though  each  jjresents  peculiar  modifications  of  the  plat 
common  to  all.     JJut  when  1  turn  to  the  fore  ])ai-t  of  tliJ 
body  J  see,  at  first,  nothing  but  a  great  shield-like  slioll, 
(jailed  technically  the  "  carapace,"  ending  in  front  in  \ 
sharp  sj)ine,  on  either  side  of  which  arc  the  curious  coriil 
]»ound  eyes,  set  upon  the  ends  of  stout  moveable  stalkJ 
Behind  these,  on  the  under  side  of  the  body,  are  twJ 
]>nirs  of  long  feelers,  or  antennoe,  followed  by  six  j)airso; 
jaws,  folded  against  one  another  over  the  mouth,  uikI 
live  pairs  of  legs,  the  foremost  of  these  being  the  grw;| 
jiincliers,  or  claws,  of  the  lobster. 

It  looks,  at  first,  a  little  hopeless  to  attem])t  to  findiJ 
tills  complex  ninss  a  series  of  rings,  each  with  its  pairo:] 
,'i,pj)en(lage3,  such  as  1  have  shown  you  in  the  a])dom(L[ 
;t:id  yet  it  is  not  diflicult  to  demonsti'ate  their  existeiid: 
tStrij)  off  the  k^gs,  and  you  will  find  that  each  \rdu  \\ 
attached  to  a  verv  defiidte  se<(ment  of  the  under  wi 
of  the  body  ;  but  these  segments,  instead  of  being  t!i:| 
lower  i>ai'ts  of  free  rings,  as  in  the  tail,  are  such  parts o:| 
lings  wlii(;li  are  all  solidly  united  and  bound  togetlicrf 
and  tli(.'.  11  k<!  is  true  of  the  jaws,  the  feelers,  and  the  ovtl 
stalks,  i^\(iry  pair  of  which  is  borne  upon  its  own  spcdJ 
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^rmcnt.     Thus  the  conclusion  is  i^raduMlly  forced  upon 

IS,  that  the  body  of  the  lobster  is  (;oin[)osed  of  as  many 

^UL^s  as  tliere  an;  pairs  of  ap[)enda!^es,  namely,  twenty 

all,  biit  that  the  six  hindmost  j'in^s  remain   iVec  and 

(jveahle,  while  the  fourteen  front  rings  Ix-come  firmly 

[oldered   to'^cther,  their  hacks  forming    one  continuous 

lii'ld — the  carapace. 

Ijiity  of  [)lan,  div(!rsity  in  execution,  is  the;  h'sson 
\\vA\i  hy  th(!  study  of  the  rings  of  the  Ixjdy,  aiid  the 
uue  instru(;tioii  is  given  still  more  (jmphatically  hy  the 
n|M3ii(lages.  If  1  examine  tlu;  outermost  jaw  1  find  it 
)iiHists  of  three  distinct  porticms,  an  inner',  a  middle, 
1(1  an  outer,  mount(Ml  ui)on  a  common  stem  ;  and  if  J 
)iiipare  this  jaw  with  the  legs  behind  it,  or  the  jaws  in 
\m\,  of  it,  1  find  it  (pate  easy  to  see,  that,  in  the  legs,  it 
the  ])art  of  the  appendage  which  corresponds  with  the 
\\\Kix  division,  which  becomes  modified  into  what  we 
()\v  familiarly  as  the  "leg,"  while  the  middle  division 
sappears,  and  the  outer  division  is  hidden  under  the 
rai»acc.  Nor  is  it  more  diflicult  to  discern  that,  in  the 
)pen(lages  of  the  tail,  the  middle  division  ap|)ears 
fain  and  the  outer  vanishes  ;  while,  on  the  other  hand, 
tlie  foremost  jaw,  the  so-called  m;tndible,  the  inner 
Ivision  ordy  is  left  ;  and,  in  the  same  way,  the  parts  of 
le  feelers  and  of  the  eye-stalks  can  be  identified  with 
Icso  of  the  le[<;s  and  jaws. 

jBut  whitli(;r  does  all  this  tend  \  To  the  very  remark- 
lie  conclusion  that  a  unity  of  plan,  of  the  sa,tn(;  kind  as 
It  discoverable  in  the  tail  or  abdomen  (jf  th(3  lobster, 
rvades  the  whole  organization  of  its  skeh'ton,  so  that 
bn  return  to  the  dijigram  representing  any  one  of  the 
Igs  of  the  tail,  which  1  drew  upon  the  bo.'ird,  and  by 
ling  a  third  division  to  each  apj)endag(3,  1  cnn  use  it 
la  .sort  of  scheme  or  plan  of  any  ring  of  the  body.  I 
give  names  to  all  the  parts  of  that  figure,  and  then 
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if  I  take  any  segment  of  the  l)0(ly  of  the  lol)stcr,  T  cA 
point  out  to  you  exactly,  what  modification  the  gciicij 
plan  has  undergone  in  that  particular  segment ;  vv!i;;| 
part  has  remained  movenhlc,  and  wluit  has  become  fix' 
to  another ;   what  has  been  excessively  devehjped  ai; 
metamorphosed,  and  what  has  been  suj)presscHl. 

But  I  imagine  I  hear  the  question,  How  is  all  this: 
be  tested  ?     No  doubt  it  is  a  })retty  and  ingenious  ww. 
of  looking  at  the  structure  of  any  animal,  but  is  it  ami 
thing  more  ?     Does  Nature  acknowh^lge,  in  any  dci'|it| 
way,  this  unity  of  plan  we  seem  to  trace  ? 

The  ol)jection  suggested  by  these  questions  is  a  ver 
valid  and  important  one,  and  morphology  was  iu 
unsound  state,  so  long  as  it  rested  iqion  the  mere  perceij 
tion  of  the  analogies  which  obtain  between  fully  forni;l 
parts.  The  unchecked  ingenuity  of  speculative  aiiat'] 
mists  proved  itself  fully  competent  to  spin  any  nunil 
of  contradictory  hypotheses  out  of  the  same  facts,  aij 
endless  morphological  dreams  threatened  to  suppkj 
scientific  theory. 

Happily,  however,   there   is   a   criterion    of  morplij 
logical  truth,   and  a  sure  test  of  all  homologies.    Ui] 
lobster  has  not  always  been  what  we  see  it ;  it  was 
an  egg,  a  feemifluid  mass  of  yolk,  not  so  big  as  a  piil 
head,  contained  in  a  transparent  membrane,  and  exlT 
biting  not  the  least  trace  of  any  one  of  those  orgaij 
whose  multiplicity  and  complexity,  in  the  adult,  are 
surprising.      After  a  time  a  delicate  patch  of  cellii!| 
membrane  appeared  upon  one  face  of  this  yolk,  and  tt 
patch  was  the  foundation  of  the  whole  creature,  the  cli 
out  of  which  it  would  be  moulded.     Gradually  invcstii 
the  yolk,  it  became  subdivided  by  transverse  constrj 
ticns  into  segments,  the  forerunners  of  the  rings  oft| 
body.     Upon  the  ventral  surface  of  each  of  the  li 
Uius  sketched  out,  a  pair  of  bud-like  prominences  m 
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ob.stcr,  I  cK^plifir  appearance — the  rudiments  of  the  appendages  of 

the  rill""-     At  first,  all  the  {i]>i)endages  were  alike,  Imt,  as 

Itlii'V  grew,  most  of  them  became  distinguished   into  a 

Isteiu  and  two  terminal  divisions,  to  whieli,  in  the  middle 

lart  of  the  body,  was  added  a  third  outer  division  ;  and 

lit  was  only  at  a  later  period,  that  by  the  modification,  or 

ihortion,  of  certain  of  these  primitive  constituents,  the 

limbs  ae(juired  their  perfect  form. 

Thus  the  study  of  development  proves  that  the  doc- 
trine of  unity  of  plan  is  not  merely  a  fancy,  that  it  is 
lot  merely  one  way  of  looking  at  the  matter,  but  that  it 
Is  the  expression  of  deep-seated  natural  facts.  The  legs 
md  jaws  of  the  lobster  may  not  merely  be  regarded  as 
lodifications  of  a  common  type, — in  fact  and  in  nature 
they  are  so, — the  leg  and  the  jaw  of  the  young  animal 
')eing,  at  first,  indistinguishable. 

These  arc  Avonderful  truths,  the  more  so  because  the 

soologist  finds  them  to  be  of  universal  application.     The 

investigation  of  a  polype,  of  a  snail,  of  a  fish,  of  a  horse, 

)r  of  a  man,  would  have  led  us,  though  by  a  less  easy 

)iith,  perhaps,  to  exactly  the  same  point.     Unity  of  plan 

everywhere  lies  hidden  under  the  mask  of  diversity  of 

tructure — the  complex  is  everywhe^-^  evolved  out  of  the 

imple.     Every  animal  has  at  first   .  d  form  of  an  egg, 

iind  every  animal  and  every  organic  part,  in  reaching  its 

Idult  state,  passes  through  conditions  common  to  other 

iiirnals  and  other  adult  parts ;  and  this  leads  me  to 

^nother  point.     I  have  hitherto  spoken  as  if  the  lobster 

rere  alone  in  the  world,  but,  as  I  need  hardly  remind 

|ou,  there  are  myriads  of  other  animal  organisms.      Of 

[hose,  some,  such  as  men,  horses,  birds,  fishes,  snails, 

lugs,  oysters,  corals,  and  sponges,  are  not  in  the  least 

ke  the  lobster.     But  other  animals,  though  they  may 

lifl'er  a  good  deal  from  the  lobster,  are  yet  either  very 

like  it,  or  are  like  something  that  is  like  it.     The  cray 
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fisli,  the  ror-k  loL.stor,  and  IIk;  ])ra\vM,  ninl  tlio  slirinip,  f.J 
oxnin|»l(',  liowovor  <liir('n'iit,  arc;  yvX  so  like  lohslcrs,  tlii* 
a  cliild  WDuld  <jfroii|)  tliom  as  of  the;  lol)st<'r  kind,  in  ((rl 
tradislinction  to  snails  and  slu^^s  ;    an(]  tli(;s(!  i;i.st  afja::! 
would  form  a  kind  by  tlionisclvcs,  in  (M)ntradistin('tioiM 
cows,  Iiors(!S,  .'ind  slice]),  tlio  (tattle  kind. 

Hut  tliis  spontaneous  f,Tou|)in^  into  *' kinds"  is  tli- 
first  essay  of  tin;  human  nnind  at  ehissification,  or  tlj 
(tailing  hy  a  eonnnon  name  of  thos(;  thirif^^s  that  nrj 
alike,  and  the  arranging  th(!m  in  such  a  manner  as  If.-J 
to  suggest  the  sum  of  their  likenesses  and  urdikeiiCHs.;:! 
to  other  things. 

Those  kinds  which  include  no  other  subdivisions  thaj 
the  sexes,  or  various  Ijrceds,  arc  calh^l,  in  teclinid 
language,  species.  The  English  lobster  is  a  spof;ii;| 
our  cray  fish  is  another,  our  prawn  is  another.  In  otliJ 
countries,  however,  there  are  lobsters,  cray  fish,  anJ 
])rawns,  very  lik(;  ours,  and  yet  presenting  suffioicrl 
diifei'ences  to  desfirve  distinction.  Naturalists,  tluircforJ 
ex[)ress  this  resemblance  and  this  diversity  by  groupin.i 
them  as  distinct  species  of  the  same  "genus."  J  kit  tk 
lobster  and  tin;  (;ray  fish,  though  belonging  to  distiiK"! 
geiHTa,  have  many  features  in  common,  and  lienco  arl 
group(;d  togetlier  in  an  assemblage  'which  is  called  \ 
family.  More  distant  resemblanc(;s  connect  the  lolv^tj 
with  the  prawn  and  the  crab,  which  arc  ex|)ress(jcl  li;l 
])Utting  all  these  into  the  same  order.  Again,  mori 
remot(.',  but  still  very  definite,  resemblances  unite  tl; 
lobster  with  the  woodlouse,  the  king  crab,  the  watc 
flea,  and  the  bvii-naclf;,  and  separate  them  from  all  otli'-l 
animals  ;  whence;  they  collectively  constitute  the  Lira 
grou]),  or  class,  Crustacea.  But  the  CritsUicaa  exliii 
many  peculiar  features  in  common  with  ins(!cts,  spidon] 
and  centipedes,  so  that  these  are  grouped  into  the  sti! 
larger  assemblage  or  "province"  Articulata;  and,  finalki 
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\\u'  I'cl.'itionH  wliich  tlicsf;  luivc;  to  worms  .'iiid  oilier  lo\V(  r 
anim.'il^,  nro  oxjjrcsscd  l>y  coinMMiii^  tin;  \vli(»l(i  vast 
'uffrcffite  into  the  .sul)-kiii«j;(loiM  of  Ainiuh>sn. 

If  I  Ii.'kI  worked  my  way  from  a  spon^'e  iii.-toad  of  a 
](»l).st<'r,  I  slioiild  liav(;  found  it  as.soeiated,  Ity  likt,*  lie.-i, 
with  a  ;,n'eiit  numher  of  other  ;inim;ds  into  th(!  sul)- 
kiiiirdom  l*ri)t<>':<)<i  ;  if  I  had  seh'Cted  a  fresh-water 
|,()ly!)e  or  a,  eond,  tlie  mcindx'i's  of  what  naliii'idists 
term  the  suh-kini^dom  Cfdcutrraht  wonhl  hav('  ^I'oiijxd 
th-;niselve.s  around  rny  ty])e  ;  had  a,  snail  l)een  chosen, 
the  inhid)ifants  of  jdl  univalve  and  bivalve,  hint!  and 
water,  shells,  the  lamp  .shells,  the;  Sfpiids,  and  the;  sea- 
mat  would  have  gradually  liidved  tlnmiselves  on  to  it  as 
meml)ers  of  the  same  suh-kingdom  of  Mollnsca  ;  and 
finally,  stni'ting  from  man,  1  should  have  been  eomj)elled 
jto  admit  first,  tin;  ape,  the  I'at,  the  hr)rse,  tla;  doi»:,  into 
Itlic  same  elass  ;  and  then  the  l)ir<l,  th(3  eroeodih-,  th(! 
turtk;,  the  frog,  and  the  lish,  into  the  same  sub-kingdom 
I  of  Vcrti'hrahf. 

And  if  I  h;id  followed  o\it  all  thes(;  v.'irious  lines  of 
|cla.ssi[i(;ation  fully,  1  should  diseove-r  in  the  end  that 
th(.'re  was  no  animal,  eitlu-r  n^c^.-nt  or  fossil,  whieh  did. 
not  at  onee  fjill  into  one  or  oth(M'  of  these  sub-kingdoms. 
In  other  words,  eveiy  anim.al  is  organized  upon  on<;  or 
other  of  the  five,  or  mon;,  phins,  whose  existence  i-enders 
our  classification  ])ossible.  And  so  dfifinitely  nnd  pre- 
cisely marked  is  tlui  structure  of  each  ;inim;d,  th;it,  in 
the  prcs(!nt  state  of  our  knowledge,  thei'(!  is  not  the  least 
evid(!iice  to  prov(^  that  a  form,  in  th(;  slightest  degree 
transitional  between  any  of  tin;  two  groups  Vartchrcfa, 
lAiinidosa,  jifollusca,  and  CwJinitcrata,  either  exists,  or 
has  existed,  duritig  that  i)eriod  of  the  eiii'th's  histoiy 
which  is  recorded  by  the  geologist.  Nevertheless,  you 
Inuist  not  for  a  momc-nt  suppose,  beciiuse  no  such 
Itransitional   forms   are    known,    that    the    niendjers   (»f 
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tlie  sul)-kinf^(loms  arc  disconnected  from,  or  indcpon. 
dent  of,  one  aiiotlicr.  On  the  contrary,  in  tlicir  earlic>t 
condition  they  are  all  alike,  and  the  primordial  o('rni« 
of  a  man,  a  dog,  a  bird,  a  fish,  a  lu'ctle,  a  snail,  junl 
a  polype  arc,  in  no  essential  structural  respects,  div 
tinguishal)le. 

In  this  broad  sense,  it  may  with  truth  be  said,  that 
all  living  animals,  and  all  those  dead  creations  wliicli 
geology  reveals,  are  bound  together  l)y  an  all- pervading' 
unity  of  organization,  of  the  same  character,  though  m 
e:j[ual  in  degree,  to  that  which  enables  us  to  discern  oiii 
and  the;  same  plan  amidst  the  twenty  different  segmc'iit,> 
of  a  lobster's  body.  Truly  it  has  been  said,  that  to  a 
clear  eye  the  smallest  fact  is  a  window  through  wliiili 
the  Infinite  may  be  seen. 

Turning  from  these  purely  morphological  considera- 
tions, let  us  now  examine  into  the  manner  in  which  tin 
attentive  study  of  the  lobster  impels  us  into  other  Hii(« 
of  research. 

Lobsters  arc  found  in  all  the  European  seas ;  but  od 
the  opposite  shores  of  the  Atlantic  and  in  the  seas  of 
the  southern  hemisphere  they  do  not  exist.  They  are, 
however,  represented  in  these  regions  by  very  closely 
allied,  but  distinct  forms — the  Homavus  Americarm 
and  the  Ilomarus  Capensis :  so  that  we  may  say  that 
the  European  has  one  species  of  Ilomarus;  tlk 
American,  another ;  the  African,  another ;  and  thii; 
the  remarkable  facts  of  geographical  distribution  bogiu 
to  dawn  upon  us. 

Again,  if  we  examine  the  contents  of  the  earth's  crust 
we  shall  find  in  the  latter  of  those  deposits,  wdiich  have 
served  as  the  great  burying  grounds  of  past  ages,  num- 
berless lobster-like  animals,  but  none  so  similar  to  our 
living  lobster  as  to  make  zoologists  sure  that  they  be- 
longed even  to  the  same  genus.     If  we  go  still  further 
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back  in  timo,  wc  (li.scovcr,  in  tho  oldest  rocks  of  all,  tlio 
remains  of  aiiinnil.H,  conHtructcMl  on  tlio  stinio  general 
plan  as  tlio  lobster,  and  belonging  to  the  same  .rjroat 
cr(>iip  <>^  Crustacea ;  but  for  the  most  part  totally 
(litreicnt  from  tho  lobster,  and  indeed  from  any  othor 
livin*""  form  of  crustacean  ;  and  thus  wc  gain  a  notion  of 
Itliat  HUCcoHsivo  change  of  tho  animal  population  of  the 
Iglohc,  in  past  ngos,  which  is  tho  most  striking  fact 
ruvc'Jilcd  by  goology. 

Consider,  now,  where  our  incjuirics  have  led  us.  Wc 
jtu(li('<l  our  type  moi'i)hologically,  when  wo  determined 
its  anatomy  and  its  di^velojunent,  and  when  comparing 
\\,  in  those  respects,  with  other  animals,  wo  made  out  its 
)lacc  in  a  system  of  classification.  If  we  were  to 
jxamiuo  every  animal  in  a  similar  manner,  we  should 
establish  a  complete  body  of  zoological  morphology. 
Again,  wc  investigated  the  distribution  of  our  type  in 

uce  and  in  time,  and,  if  the  like  had  been  done  with 
svt'iy  animal,  the  sciences  of  geographical  and  geological 

istribution  would  have  attained  their  limit. 
But  you  will  observe  one   remarkable  circumstance, 
[hat,  up  to  this  point,  the  question  of  the  life  of  these 
brganisms  has  not  come  luidor  consideration.     Morplio- 

)gy  and  distribution  might  be  studied  almost  as  well,  if 
^nimals  and  plants  were  a  peculiar  kind  of  cr^^stals,  and 
)ossesscd  none  of  those  functions  which  distinguish  living 

'lugs  so  remarkably.     But  the  facts  of  morphology  and 
fistribution  have  to  be  accounted  for,  and  the  science, 

rliose  aim  it  is  to  account  for  them,  is  Physiology. 
Let  us  return  to  our  lobster  once  more.    If  we  watched 

le  creature  in  its  native  element,  we  should  see  it  climb- 

ig  actively  the  submerged  rocks,  among  which  it  delights 
live,  by  means  of  its  strong  legs ;  or  swimming  by 

)wcrful   strokes   of  its   great  tail,  the   appendages  of 

fhose  sixth  joint  are  spread  out  into  a  broad  fan-like 
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propeller :  seize  it,  and  it  will  show  you  that  its  grea; 
claws  are  no  mean  weapons  of  offence  ;  suspend  a  pier  J 
of  carrion  among  its  haunts,  and  it  will  greedily  devni!: 
it,  tearing  and  crushing  the  flesh  by  means  of  its  mult; 
tudinous  jaws. 

Suppose  that  w^e  had  known  nothing  of  the  lobtcl 
but  as  an  inert  mass,  an  organic  crystal,  if  I  may  use  tliJ 
phrase,  and  that  we  could  suddenly  see  it  exerting  all 
these  powers,  what  wonderful  new  ideas  and  new  qiuJ 
tions  would  arise  in  our  minds  !  The  great  new  quostioi 
would  be,  "  How  does  all  this  take  place  '? "  the  chief  noitl 
idea  would  be,  the  idea  of  adaptation  to  purpose,— tlitl 
notion,  that  the  constituents  of  animal  bodies  are  noif 
mere  unconnected  parts,  but  organs  working  together  tJ 
an  end.  Let  us  consider  the  tail  of  the  lobster  agakl 
from  this  point  of  view.  Morphology  has  taught  i;| 
that  it  is  a  series  of  segments  composed  of  homologoul 
parts,  which  undergo  various  modifications — bencatl 
and  through  which  a  common  plan  of  formation  is  diil 
cernible.  But  if  I  lo^k  at  the  same  part  physiologicalhl 
I  see  that  it  is  a  most  beautifully  constructed  organ 
locomotion,  by  means  of  which  the  animal  can  swift!j| 
propel  itself  either  backwards  or  forwards. 

But  how  is  this  remarkable  propulsive  machine  raaci 
to  perform  its  functions  ?  If  I  were  siirldenly  to  kill  oil 
of  these  animals  and  to  take  out  all  the  soft  parts.] 
should  find  the  shell  to  be  perfectly  inert,  to  have  i\ 
more  power  of  moving  itself  than  is  possessed  by  tlf 
machinery  of  a  mill,  when  disconnected  from  its  steaml 
engine  or  water-wheel.  But  if  I  were  to  open  it,  aiil 
take  out  the  viscera  only,  leaving  the  white  flcsli, 
should  perceive  that  the  lobster  could  bend  and  cxteEJ 
its  tail  as  well  as  before.  If  I  were  to  cut  off  the  ta 
should  cease  to  find  any  spontaneous  motion  in  it ;  imi 
on  pinching  any  portion  of  the  flesh,  I  should  obscrvj 
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that  it  imrlcrwcnt  a  very  curious  change — each  fibre  be- 
coming shorter  and  thicker.  By  this  act  of  contraction, 
as  it  is  termed,  the  parts  to  which  the  ends  of  the  fibre 
arc  attached  are,  of  course,  approximated ;  and  accord- 
ino-  to  the  relations  of  their  points  of  attachment  to  the 
Icentres  of  motion  of  the  different  rings,  the  bending  or 
the  extension  of  the  tail  results.  Close  observatiou  of 
[the  newly-opened  lobster  would  soon  show  that  all  its 
Imovements  are  due  to  the  same  cause — the  shortening 
laiid  thickening  of  these  fleshy  fibres,  which  are  techni- 
Ically  called  muscles. 

Here,  then,  is  a  capital  fact.  The  movements  of  the 
lobster  are  due  to  muscular  contractility.  But  why  does 
muscle  contract  at  one  time  and  not  at  another  ?  Why 
loes  one  whole  group  of  muscles  contract  when  the 
lobster  wishes  to  extend  his  tail,  and  anotlier  group 
^hen  he  desires  to  bend  it  ?  What  is  it  originates, 
lirects,  and  controls  the  motive  power? 
Experiment,  the  great  instrument  for  the  ascertain- 
lent  of  truth  in  physical  science,  answers  this  question 
lor  us.  In  the  head  of  the  lobster  there  lies  a  small 
iiass  of  that  peculiar  tissue  which  is  known  as  nervous 
Biil)stance.  Cords  of  similar  matter  connect  this  brain 
)f  the  lobster,  directly  or  indirectly,  with  the  muscles, 
[ow,  if  these  communicating  cords  are  cut,  the  brain 
temaining  entire,  the  power  of  exerting  what  we  call 
voluntary  motion  in  the  parts  below  the  section  is  de- 
troyed;  and  on  the  other  hand,  if,  the  cords  remaining 
jntire,  the  brain  mass  be  destroyed,  the  same  voluntary 
lobihty  is  equally  lost.  Whence  the  inevitahle  conclu- 
sion is,  that  the  power  of  originating  these  motions  resides 
the  brain,  and  is  propagated  along  the  nervous  cords. 
In  the  higher  animals  the  phsenomena  which  attend 
liis  transmission  have  been  investigated,  and  the  exer- 
tion of  the  peculiar  energy  which  resides  in  the  nerves 
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has  been  found  to  be  accompanied  by  a  disturbance  o:H 
the  electrical  state  of  their  molecules. 

If  we  could  exactly  estimate  the  signification  of  tliiJ 
disturbance ;  if  we  could  obtain  the  value  of  a  giviil 
exertion  of  nerve  force  by  determining  the  quantity 
electricity,  or  of  heat,  of  which  it  is  the  equivalent ;  iJ 
we  could  ascertain  upon  what  arrangement,  or  otlic 
condition  of  the  molecules  of  matter,  the  manifestation  A 
the  nervous  and  muscular  energies  depends,  (and  douljtj 
less  science  will  some  day  or  other  ascertain  these  pointj, 
physiologists  would  have  attained  their  ultimate  goaliil 
this  direction  ;  they  would  have  determined  the  relatioil 
of  the  motive  force  of  animals  to  the  other  forms  of  forcJ 
found  in  nature ;  and  if  the  same  process  had  been  ,su(f 
cessfully  performed  for  all  the  operations  which  aKi 
carried  on  in,  and  by,  the  animal  frame,  physiologrl 
would  be  perfect,  and  the  facts  of  morphology  auiil 
distribution  would  be  deducible  from  the  laws  wliicll 
physiologists  had  established,  combined  with  those  deter] 
mining  the  condition  of  the  surrounding  universe. 

There  is  not  a  fragment  of  the  organism  of  this  huniljll 
animal,  whose  study  would  not  lead  us  into  regions  oj 
thought  as  large  as  those  which  I  have  briefly  opent{ 
up  to  you ;  but  what  I  have  been  saying,  I  trust,  has  noj 
only  enabled  you  to  form  a  conception  of  the  scope  aui 
purport  of  zoology,  but  has  given  you  an  imperfecf 
example  of  the  manner  in  wdiich,  in  my  opinion,  tliaj 
science,  or  indeed  any  physical  science,  may  be  Lea 
taught.  The  great  matter  is,  to  make  teaching  real  aiii| 
practical,  by  fixing  the  attention  of  the  student  on  \ 
ticular  facts  ;  but  at  the  same  time  it  should  be  rendercil 
broad  and  comprehensive,  by  constant  reference  to  tliJ 
generalizations  of  which  all  particular  facts  are  illustK] 
tions.  The  lobster  has  served  as  a  type  of  the  wlioll 
animal  kingdom,  and  its  anatomy  and  physiology  Lavl 
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llustratcd  for  us  some  of  the  greatest  truths  of  biology, 
'he  student  who  has  once  seen  for  himself  the  focts 
yhich  I  have  described,  has  had  their  relations  explained 
to  him,  and  has  clearly  comprehended  them,  has,  so  far, 
knowledge  of  zoology,  which  is  real  and  genuine,  how- 
jver  limited  it  may  be,  and  which  is  worth  more  than  all 
the  mere  reading  knowledge  of  the  science  he  could  ever 
icqiiire.  His  zoological  information  is,  so  far,  knowledge 
md  not  mere  hearsay. 

And  if  it  were  my  business  to  fit  you  for  the  certificate 

zoological   science   granted    by   this    department,    I 
should  pursue   a   course  precisely  similar   in   principle 

that  which  I  have  taken  to-night.     I  should  select 
fresh-water  sponge,  a  fresh-water  polype  or  a  Cya^icea^ 

fresh-water  mussel,  a  lobster,  a  fowl,  as  types  of  the 
ive  primary  divisions  of  the  animal  kingdom.  I  should 
explain  their  structure  very  fully,  and  show  how  each 
Ihistrated  the  great  principles  of  zoology.  Having 
rore  very  carefully  and  fully  over  this  ground,  I  should 
fcol  that  you  had  a  safe  foundation,  and  I  should  then 
take  you  in  the  same  way,  but  less  minutely,  over 
similarly  selected  illustrative  types  of  the  classes ;  and 
then  I  should  direct  your  attention  to  the  special  forms 
jnumerated  under  the  head  of  types,  in  this  syllabus, 
md  to  the  other  facts  there  mentioned. 

That  would,  speaking  generally,  be  my  plan.  But  I 
lave  undertaken  to  explain  to  you  the  best  mode  of 
icquiring  and  communicating  a  knowledge  of  zoology, 
md  you  may  therefore  fairly  ask  me  for  a  more 
|detailed   and  precise  account  of  the  manner  in  which 

should  propose  to  furnish  you  with  the  information  I 
refer  to. 

My  own  impression   is,  that  the  best  model  for  all 
kinds  of  training  in  physical  science  is  that  afforded 
Iby  the   method   of   teaching   anatom}',  in   use    in   the 


t? 


i 


->;% 


'I   I 


\\t' 


:ll 


!'„  I 


<r 


110 


LAY  SEJiMONS,  ADDRESSES,  AND  REVIEWS. 


h 


•i 


medical  schools.     This  method  consists  of  three  elemeniil 
— lectures,  demonstrations,  and  examinations. 

The  object  of  lectures  is,  in  the  first  place,  to  awakeiii 
the  attention  and  excite  the  enthusiasm  of  the  student; 
and  this,  I  am  sure,  may  be  eifected  to  a  far  greater  I 
extent  by  the  oi^al  discourse  and  by  the  personal  iniluenc'l 
of  a  respected  teacher  than  in  any  other  way.    Secoiidlv, 
lectures  have  the  double   use  of  guiding   the   stiuleiitl 
to   the  salient  points  of   a  subject,  and   at   the   same 
time  forcing  him  to  attend  to  the  whole  of  it,  and  not] 
merely  to  that  part  which  takes  his  fancy.     And  lastly, 
lectures  afford  the  student  the  opportunity  of  seeking 
explanations  of  those  difficulties  which  will,  and  indeed 
ought  to,  arise  in  the  course  of  his  studies. 

But  for  a  student  to  derive  the  utmost  possible  value  | 
from  lectures,  several  precautions  are  needful. 

I  have  a  strong  impression  that  the  better  a  discourse  I 
is,  as  an  oration,  the  worse  it  is  as  a  lecture.  The  How 
of  the  discourse  carries  you  on  without  proper  atten- 
tion to  its  sense  ;  you  drop  a  word  or  a  phrase,  you 
lose  the  exact  meaning  for  a  moment,  and  while  you  I 
strive  to  recover  yourself,  the  speaker  has  passed  ou| 
to  something  else. 

The  practice  I  have  adopted  of  late  years,  in  lecturinrrl 
to  students,  is  to  condense  the  substance  of  the  hours 
discourse  into  a  few  dry  propositions,  w^hicli  are  read 
slowdy  and  taken  down  from  dictation ;  the  reading  of  I 
each  being  followed  by  a  free  commentary,  expanding 
and  illustrating  the  proposition,  explaining  terms,  and 
removing  any  difficulties  that  may  be  attackable  in 
that  way,  by  diagrams  made  roughly,  and  seen  to 
grow  under  the  lecturer's  hand.  In  this  manner  you. 
at  any  rate,  insure  the  co-operation  of  the  student  to 
a  certain  extent.  He  cannot  leave  the  lecture-room 
entirely  empty  if  the  taking  of  notes  is  enforced ;   and 
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student  must  be  preternatuvally  dull  and  mechanical, 

he  can  take  notes  and  hear  them  properly  explained, 
id  yet  learn  nothing. 

What  books  shall  I  read  ?  is  a  question  constantly 
Lit  by  the  student  to  the  teacher.  My  rei)ly  usually  is, 
'  None :  write  your  notes  out  carefully  and  fully  ;  strive 

understand  them  thoroughly;  come  to  me  for  the 
Bxplauation  of  anything  you  cannot  understand ;  and 
I  would  rather  you  did  not  distract  your  mind  by 
leadino"."  A  properly  composed  course  of  lectures 
luoht  to  contain  fully  as  much  matter  as  a  student 
|au  assimilate  in  the  time  occupied  by  its  delivery  ;  and 
le  teacher  should  always  recollect  that  his  business  is 

feed,  and  not  to  cram  the  intellect.  Indeed,  I  believe 
lat  a  student  w^ho  gains  from  a  course  of  lectures 
16  simple   habit  of   concentrating  his   attention  upon 

definitely  limited  series  of  facts,  until  thtjy  are 
loroughly  mastered,  has  made  a  step  of  immeasurable 
iportance. 

But,  however  good  lectures  may  be,  and  however 
[tensive  the  course  of  reading  by  which  they^  are 
3llowed  up,  they  are  but  accessories  to  the  great  in- 
trument  of  scientific  teaching — demonstration.  If  1 
isist  unweariedly,  nay  fanatically,  upon  the  importance 

physical  science  as  an  educational  agent,  it  is  because 
le  study  of  any  branch  of  science,  if  properly  conducted, 
)pears  to  me  to  fill  up  a  void  left  by  all  other  means 

education.  I  have  the  greatest  respect  and  love  for 
Iterature  :  nothino*  would  orrieve  me  more  than  to  see 
terary  training  other  than  a  very  prominent  branch  uf 
lucation :  indeed,  I  wish  that  real  literary  discipline 
^ere  far  more  attended  to  than  it  is;  l)ut  I  cannot 
mt  my  eyes  to  the  fact,  that  there  is  a  vast  dili'erence 
2t\vcen  men  who  have  had  a  purely  literary,  and  those 
[lio  have  had  a  sound  scientific,  training. 
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Seeking  for  the  cause  of  tliis  difference,  I  imagiiip] 
can  find  it  in  the  fact,  that,  in  the  workl  of  lettti. 
learning   and   knowledge   are  one,  and    books   are  \\\ 
source  of  both ;   whereas  in  science,  as  in  life,  learnin; 
and  knowledge  are  distinct,  and  the  study  of  thinf;?! 
and  not  of  books,  is  the  source  of  the  latter. 

All  that  literature  has  to  bestow  may  be   obtainfil 
by  reading   and  by   practical  exercise  in  writing,  aiiil 
in  speaking ;   but  I  do  not  exaggerate  when  I  say,  tk 
none  of  the  best  gifts  of  science  are  to  be  won  by  the,v 
means.      On  the   contrary,  the   great  benefit   which  2 
scientific  education  bestows,  whether  as  training  or  ail 
knowledge,  is  dependent  upon  the  extent  to  which  tlij 
mind  of  the  student  is  brought  into  immediate  contaci 
with  focts — upon   the  degree   to  which   he   learns  tlit| 
habit  of  appealing  directly  to  Nature,  and  of  acquiring 
through  his  senses  concrete  images  of  those  propertiiil 
of  things,  which  are,  and  always  will  be,  but  approxif 
matively  expressed  in   human  language.      Our  way  oil 
looking  at  Nature,  and  of  speaking   about   her,  varie:| 
from  year  to  year ;  but  a  fact  once  seen,  a  relation  oil 
cause  and  effect,  once  demonstratively  apprehended,  m 
possessions   which   neither  change  nor  pass  away,  bull 
on  the  contrary,  form  fixed  centres,  about  which  otliei| 
truths  aggregate  ]>y  natural  affinity. 

Therefore,  the  2freat  business  of  the  scientific  teackil 
is,  to  imprint  the  fundamental,  irrefragable  facts  of  lii;! 
science,  not  only  by  words  upon  the  mind,  but  \\ 
sensible  impressions  upon  the  eye,  and  ear,  and  toiicJ 
of  the  student,  in  so  complete  a  manner,  that  eveiy[ 
term  used,  or  law  enunciated,  should  afterwards  ca!i 
up  vivid  images  of  the  particular  structural,  or  other] 
facts  which  furnished  the  demonstration  of  the  law,  oil 
the  illustration  of  the  term. 

Now  this  important  operation  can  only  be  achievel 
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|by  constant  demonstration,  which  may  take  place  to 
la  certain  imperfect  extent  during  a  lecture,  luit  which 
)\\(r\\t  also  to  be  carried  on  independently,  and  which 
should  be  addressed  to  each  individual  student',  the 
tcuclier  endeavouring,  not  so  much  to  show  a  thing  to 
the  learner,  as  to  make  him  see  it  for  himself. 

I  am  well  aware  that  there  are  great  practical  difficul- 
ties in  the  way  of  efi'ectual  zoological  demonstrations. 
The  dissection  of  animals  is  not  altogether  pleasant, 
iiitl  requires  much  time  ;  nor  is  it  easy  to  secure  an 
dequate  supply  of  the  needful  specimens.  The  botanist 
iiis  lu^re  a  great  advantage  ;  his  specimens  are  easily 
|>btauied,  are  clean  and  wholesome,  and  can  be  dissected 
a  private  house  as  well  as  anywhere  else ;  and 
^cnce,  I  believe,  the  fact,  that  botany  is  so  much 
lore  readily  and  better  taught  than  its  sister  science. 
Jut,  be  it  difficult  or  be  it  easy,  if  zoological  science 
to  be  properly  studied,  demonstration,  and,  con- 
jquently,  dissection,  must  be  had.  Without  it,  no 
lan  can  have  a  really  sound  knowledge  of  animal 
rganization. 

A  good  deal  may  be  done,  however,  without  actual 

issection  on  the  student's  part,  by  demonstration  upoii 

ecimens  and  preparations ;    and  in  all  probability  it 

oiild  not  be  very  difficult,  were  the  demand  sufficient, 

organize  collections  of  such  objects,  sufficient  for  all 

e  purposes  of  elementary  teaching,  at  a  comparatively 

eap  rate.    Even  without  these,  much  might  be  elfecteci, 

the  zoological    collections,    which   are    open   to   the 

blic,    were    arranged    according    to   what    has    been 

irmed  the  "typical  principle;"  that  is  to  say,  if  the 

ecimens  exposed  to  public  view  were  so  selected,  that 

e  public  could   learn   something  from   them,  instead 

being,  as  at  present,  merely  confused  by  their  mul- 

licity.     For  example,  the  grand  ornithological  gallery 
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at  the  Jiritisli  Musruiii  cont'iins  Ik^Ivvcch  two  .'iiid  tlir,, 
thoiiSMnd   .sj)(3('i(!.s  ol'    birds,  iind    .soiiu'tinics    live   or  vrl 
sj)0(;iiii('iis  of  a  spccic^H.     'i'lioy  arc  very  ])r(itty  to  lool; 
at,   and   sonic,   of  tlio   cas«^s  are,    indexed,  splendid ;   l,.' 
J   will  undcitakf   to  say,  that   no   nuin  hut  a  piofis*;! 
ornitholnoist  has  ever  «4athercd  niiieh  information  fiijij 
1h(i  eolleetion.    Certainly,  no  one  of  the  tiais  of  thousuiiii 
of   the  g(!iieral    public   who   luivi;   walk(!d    throuoh  tli;, 
j^allcry  ev(!i'  knew  more  al)out  the  essential  jx^culiuritKl 
of  birds  wIkui  he  left  the  gallery,  than  when  he  entortj 
it.      JUit    if,  somewhere   in   that  vast  hall,  there  wcro  J 
few   pr(;]>arations,    exemj)li lying    the    leading   structiirj 
juH'-uliarities  and  the  mode  of  development  of  a  (^ouiiikJ 
fowl  ;    if  the  types  of  the  genera,  the   leading  niodltj 
cations  in  the  skchiton,  in  the  ])lumagc  at  various  iv^*- 
in   the  mode  of  nidification,  and  the   like,  among  Linkl 
were   disj)lciycd;    and   if  the   other  specimens  were  jJ 
away    iu   a  ])Iace   where  the  men  of  scienc(;,  to  wlioJ 
they  are  alone   useful,  coidd  have  free  access  to  thtil 
1    can   con(;eive    that   this   (collection    might   become 
great  instrument  of  scientific  education. 

The  last  implement  of  the  teacher  to  whicli  1  liiivi 
adverted  is  examination — a  means  of  education  now  J 
thoroughly  understood  that  I  need  hardly  enlarge  iipJ 
it.  1  hold  that  both  written  and  oral  examinatioo 
arc  indispensable,  and,  by  requiring  the  descriptiij 
of  specimens,  they  may  be  made  to  supplemiil 
demonstration. 

Such  is  the  fullest  reply  the  time  at  my  dispo> 
will  allow  me  to  give  to  the  question — how  may  a  kiM 
ledge  of  zoology  be  best  acquired  and  communicati'd' 

But  there  is  a  j)revious  cjuestion  wliich  may  bo  movtii 
and  which,  in  fact,  I  know  many  are  inclined  to  mo\| 
It   is   the   question,    why    should    training   masters 
encouraged  to  acquire  a  knowledge  of  this,  or  any  otlij 
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)r;iiii'li  of  |)ljysi('nl  science?     What  in  tlio  use,  it  is  said, 

)f  ;ittcnii»tiii,<4  to  in.'ikc    pliysicjil    science    a    hrancli    of 

)rimiirv  cdiutation  ?      It   is  not  ])rol>M,l)l('   tliat  tcacliers, 

ri  jtursiiin;^   sudi   studies,  will   Im;   led  astray  from   the 

lc(|uin'iH<'nt    of    jnore    irnpurlant     hut     less    altr;i,etiv(j 

tiiowlcHJi^'e  ?     And,   ev(!ii   if   th(;y   can    h.Mrn    sornethirif^' 

)f  .science   without   prejudice   to  their   usefulness,    what 

the  ^o(jd  of  tiieir  atternplin;^'  to  instil  that  knowledge 

ito   hoys   whose    real    business    is    the    acquisition    of 

fea(lin,l^^  writin<,^  and  arithmetic  ? 

These    (iu<'sti(jns    an;,   and    will   be,    very    commonly 

iked,  Ibr  they  arise  from  that  j)rofound    ifrnorance   of 

|lio  value  and   truii  position  of  physical  science,  which 

ifests   the   minds   of    the   most   highly   (educated    and 

itelligent  classes  of  the  community.     Jiut  if  1  did  not 

ji'l  well  assured   that  they  are  capable  of  Ixjing  easily 

|ii(l  satisfactorily   answered  ;    that   they   have  l)een  a.n- 

XTcd  over  and  over  again  ;    and    that   tln^   time   will 

mie  when  men  of  libei-al  education  will  blush  to  raise 

ich  rpiestions, — 1    should  b(;  ashamed  of   my  position 

[ero  to-night.     Without  doubt,  it  is  your  great  and  very 

iportant  function   to  carry  out  (elementary  education  ; 

ntliout  (juestion,   anything  that   should  interfei-e  with 

10  faithful  fuliilmeiit  '>f  that  duty  on  your  part  would 

a  great  evil  ;  and  if  1  thought  that  your  ac(juirement 

tlie  elements  of  i)liysicaJ  sei(;ne.e,  and  your  communi- 

irioii  of  those  elements  to  your  pupils,  involvcjd    any 

)rt  of  int(;i-fei"enc(5  with   your  pro])er  duties,  1  should 

the  first  jMirson  to  i)rotest   against  your  being  en- 

mraged  to  do  anything  of  the  kind. 

But  is  it  true  that  tlie  acquisition  of  such  a  know- 

bdge  of  science  as  is  proposed,  and  the  communication 

that  knowledge,  are  calculated   to  weaken  your  use- 

ilricss  ?     Or  may  \  not  rather  ask,  is  it  possible  for  you 

discharge  your  functions  prcjperly  without  these  aids  '{ 
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What  is  t\u]  j)urpos(i  of  priniiiiy  intellectual  o(lu(,| 
tioii  ?     I  apprehend  that  its  lii'st  ohjeet  is  to  train  n 
young  in  the  use  of  thost^  tools  wh(;re\vith  men  cxtia. 
knowledge  from   the   ever-shil'ting  suecu'ssion  of  jdirci  .| 
mena  which  pass  before  tlieir  eyes  ;  and  that  its  secoii, 
ol)j(^ct  is  to  inform  them  of  tlu^  fundamental  laws  wlii, 
have  been  found  by  experience  to  govern  the  coiux'  r 
things,   so  that  they  may   not  be   turned  out  into  tl 
world  naked,  defenceless,  and  a  prey  to  the  events  tL  - 
might  control. 

A  boy  is  taught  to  road  his  own  and  other  languai'. 
in   order  that  he  may  have   access  to  infinitely  wiil 
stones  of  knowledge  than  could  ever  be  opened  to  lii: 
by  oral  intercourse  with  his  fellow  men ;    he  learns  ;| 
write,  that  his  means  (jf  communication  with  the  rcstf 
mankind  may  be  indefinitely  enlarged,  and  that  he  in: 
record  and    store  up   the   knowledge  he   acquires.    ^\ 
is  taught  elementary  mathematics,  that  he  may  uiul' 
stand   all   those  relations   of   number   and   form,  up] 
which  the  transactions  of  men,  associated  in  complicat  [ 
societies,  are  built,  and  that  he  may  have  some  practi.j 
in  deductive  reasoning. 

All  these  operations  of  reading,  writing,  and  ciphcra:! 
are  intellectual  tools,  whose  use  should,  before  all  tiling 
be  learned,  and  learned  thoroughly  ;  so  that  the  youJ 
may  be  enabled  to  make  his  life  that  which  it  ouglit;| 
be,  a  continual  progress  jn  learning  and  in  wisdom. 

But,  in  addition,  primary  education  endeavours  to  tj 
a  boy  out  with  a  certain  cqui2)ment  of  positive  mm 
ledge.  He  is  taught  the  great  laws  of  morality ;  tij 
religion  of  his  sect;  so  much  history  and  geography  J 
will  tell  him  where  the  great  countries  of  the  worJ 
are,  what  they  are,  and  how  they  have  become  ^vlii| 
they  arc. 

Without   doubt   all   these   are   most   fitting  and  ei| 
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[•ojlcnt  tliiiififs  to  toju'li  a  boy  ;  I  should  l>o  vory  sorry 
\o  omit  any  of  thcin  iVoiii  juiy  scln'iuc  of  priiiiMry  in- 
[ellcctiial  education.     The  system  is  cxecllont,  so  far  as 

It  goes. 

lUit  if  T  ivc^^'ird  it  closely,  a  curious   re(l(M*tion  ai'ises 

suppose  that,  iifteen  hundred  years  ai;o,  the  child  of 
uiy  well-to-do  Jioniaii  citizen  was  taught  just  these 
line  tilings;  reading  and  writing  in  his  own,  and,  per- 
laps,  the  (ireek  tongue  ;  the  elements  of  mathematics  : 
iiid  the  religion,  morality,  history,  and  geography  cur- 
cnt  in  his  time.  Furthermore,  I  do  not  think  1  err 
[n  aftirining,  that,  if  such  a  Christian  llonian  hoy,  who 
itul  finished  his  education,  could  1)C  transplanted  into 
)ne  of  our  public  schools,  and  pass  tlirough  its  course  of 
Instruction,  ho  would  not  me(^t  with  a  single  unfjmiiliar 
line  of  thought ;  amidst  .all  the  new  facts  he  would 
lave  to  learn,  not  one  would  suggest  a  different  mode 
If  reoardincj  the  universe  from  that  current  in  his 
twn  time. 

And  yet  surely  there  is  some  great  difFerencc  between 
[he  civilization  of  the  fourth  century  an<l  that  of  the 
linctcenth,  and  still  more  between  the  intellectual  habits 
id  tone  of  thought  of  that  day  and  this  ? 

And  what  has  made  this  difference  ?  I  answer  fear- 
jssly, — The  prodigious  development  of  physical  science 
dtliin  the  last  two  centurii'S. 

Modern  civilization  rests  upon  physical  science ;  take 
[way  her  gifts  to  our  own  country,  and  our  position 
noncj  the  leadinci:  nations  of  the  world  is  gone  to- 
lorrow ;  for  it  is  physical  stdence  only,  that  makes 
itclligcnce  and  mr)ral  energy  stronger  than  brute  force. 

The  whole  of  modern  thought  is  steeped  in  science  ;  it 
Jas  made  its  way  into  the  works  of  our  best  poets,  and 
(veil  the  mere  man  of  letters,  who  affects  to  iojnore  and 
lespise  science,  is  unconsciously  impregnated  with  her 
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Spirit,  .'111(1  indebted  fm-  \m  host  products  to  her  niutlKHi. 
I   b(diov('  tliiit  the  greatest  iiitelhuttuid  revolution  lani 
kind   1ms  yet   seen   is  now  slowly  taking  i)laee  l»y  li^j 
\    ageney.     8lio   is   teaching  the  world   that   the  ultima'. | 
1    court  of  appeal  is  ohservation  nnd  exi)erinient,  aiuliir 
authority  ;    she  is  teaching  it  to  estimate  the   vahio  i; 
(»vidence  ;  she  is  cn^ating  a  firm  and  living  faith  in  tli 
existence  of  immutable  morjil  and  physical  laws,  \mir 
obedience  to  which   is  the   highest  possible   aim  of  ;i: 
intelligent  beinff. 

But  of  all  this  your  old  stereotyped  system  of  odiua. 
tion  takes  no  note.  Physical  science,  its  methods,  ij 
problems,  and  its  difficulties,  will  meet  the  poorest  W[ 
at  every  turn,  jind  yet  we  educate  him  in  such  a  maiiiicl 
that  he  shall  enter  the  world  as  ignorant  of  the  existoin 
of  the  methods  and  facts  of  science  as  the  day  he  wil 
l)orn.  The  modern  world  is  full  of  artillery  ;  and  v  [ 
turn  out  our  children  to  do  battle  in  it,  equipped  AvitJ 
the  shield  and  sword  of  an  ancient  gladiator. 

Posterity  will  cry  shame  on  us  if  we  do  not  rcnicii:! 
this  deplorable  state  of  things.  Nay,  if  we  live  twciii;! 
years  longer,  our  own  consciences  will  cry  shame  on  \\\ 

It  is  my  firm  conviction  that  the  only  way  to  renicil] 
it  is,  to  make  the  elemLiiis  of  physical  science  an  intcgL 
part  of  primary  education.  I  have  endeavoured  to  slio^ 
you  how  that  may  be  done  for  that  branch  of  sciciifl 
which  it  is  my  business  to  pursue ;  and  I  can  but  ad; 
that  I  should  look  upon  the  day  when  every  sclioiJ 
master  throughout  this  land  was  a  centre  of  geniiiuj 
however  rudimentary,  scientific  knowledge,  as  an  e|xii:| 
in  the  history  of  the  country. 

But  let  me  entreat  you  to  remember  my  last  wortll 
Addressing  myself  to  you,  as  teachers,  I  would  say,  mir| 
book  learning  in  physical  science  is  a  sham  and  I 
delusion — what  you  teach,  unless  you  wish  to  be  impuH 
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tons  tlinf  you  must  first  know  ;  and  vvn\  knowlodf^o  in 
Lriciicc  nicuiia  personal  a('([uaintancc  with  the  facts,  lie 
Itliry  few  or  many.* 

I  It  liiis  boon  supjfjpstod  to  mc  that  those  words  mny  bo  tnl<on  to  iinjily 
Is  (lisiouriigoiiH'nt  on  my  part  of  any  Hort  of  sciontitio  inHtrui-tion  which 
IdocM  not  j,'ivt'  an  aconaintancc  with  tlio  facts  at  lirst  hand.  lUit  this  Ih 
Inot  niv  nu'anin*,'.  Tlu^  ideal  of  scientific  teachinj^  is,  no  (htnht,  a  Hystoni 
Ibv  which  the  schohir  booh  every  fact  for  himself,  and  the  teacher  supplies 
loiilv  tlie  explanations.  Circumstances,  however,  do  not  often  allow  of  the 
LttiiitniK'nt  of  that  ideal,  and  we  nuist  put  up  with  the  next  best  system  — 
loiio  in  which  the  scholar  takes  a  ^ood  deal  on  trust  from  a  teacher,  who 
|kit(»win"  the  facta  by  his  own  knowled},'e,  can  describe  them  witii  so  nmch 
iTivifhicss  as  to  enable  his  audience  to  form  competent  ideas  concerninjj 
Itliom.  The  system  which  I  repudiate  is  that  which  allows  teachers  who 
Ihiive  not  come  into  direct  contact  with  the  leading  facts  of  a  science  to  piuss 

lifir  second-hand  information  on.     The  scientific  virus,  like  vaccine  lyn)ph, 
„  passed  through  tco  long  a  succession  of  organisms,  will  lose  all  its  elleit 
lin  protecting  the  young  against  the  intellectual  epidemics  to  which  they  are 

exposed. 
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ON  THE  PHYSICAL  BASIS  OF  LIFE.^ 

In  order  to  make  the  title  of  this  discourse  gencralli 
intelligible,  I  have  translated  the  term    "  Protoplasm, 
which  is  the  scientific  name  of  the  sult.stance  of  which  I 
am  about  to  speak,  by  the  Avords  "the  physical  basis (fl 
life."     I  suppose  that,  to  many,  the   idea  that  there  i<| 
sucli  a  thing  as  a  physical  l)asis,  or  matter,  of  life  may 
be  novel — so  widely  spread  is  the  concc})tion  of  life  asai 
something  which  works  through  matter,  but  is  independent 
of  it;    and  even  those  who  are  aware  that  matter  am 
life  are  inseparably  connected,  may  not  be  prepared  for 
the   conclusion    plainly  suggested  by  the   phrase,   "f/it- 
])hysical  basis  or  matter  of  life,"  that  there  is  some  one 
kind  of  matter  Avliich   is  common  to  all  living  beiniid 
and  that  their  endless  diversities  are  bound  together  Ijy 
a  physical,  as  well  as  an  ideal,  unity.     In  :Qict,  when  first 

^  The  substance  of  this  pnper  was  contained  in  a  discourse  which  tc 
delivered  in  Edinburgh  on  the  evening  of  Sunday,  the  8th  of  November, 
18G8 — being  the  first  of  a  scries  of  Sunday  evening  addresses  upon  nonl 
theological  topics,  instituted  by  the  Kev.  J.  Cranbrook.  Some  phrases,  wliict 
could  possess  only  a  transitory  and  local  interest,  hnve  been  omitted; 
instead  of  the  newspaper  report  of  the  Archbishop  of  York's  address,  liis 
(jrrace's  subsequently-published  pamphlet  "On  the  Limits  of  Philosophical 
Inquiry"  is  quoted  ;  and  I  have,  here  and  there,  endeavoured  to  express iiiv| 
meaning  more  fully  and  clearly  than  I  seem  to  have  done  in  speaking-  if  I 
may  judge  by  sundry  criticisms  upon  what  1  am  supposed  to  have  said,  wliicb 
liive  appeared.  But  in  substance,  and,  so  far  as  my  recollection  serves.;: 
form,  what  is  here  written  corresponds  with  what  was  there  said. 
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lapprelienrled,   such    a   doctrine    as  this    appears   almost 
Ishockiiifi^  to  common  sense. 

What,  truly,  can  seem  to  be  more  obviously  different 
Ifrom  one  another  in  faculty,  in  form,  and  in  sul)stance, 
Ithan  the  various  kinds  of  living  beings?    What  community 
lof  foculty  can   there  be  between   the  brightly-coloured 
llicheii,  which  so   nearly  resembles  a  mere  mineral  in- 
crustation of  the  bare  rock  on  which  it  grows,  and  the 
)ainter,  to  whom   it    is   instinct   with    beauty,   or    the 
)otanist,  whom  it  feeds  with  knowledge  ? 
Af^ain,  think  of  tlie  microscopic  fungus — a  mere  infi- 
liiite.simal  ovoid  particle,  which  finds  space  and  duration 
Miough  to  multiply  into  countless  millions  in  the  body 
)f  a  Jiving  fly  ;    and  then  of  the  wealth  of  foliage,  the 
luxuriance  of   flower  and  fruit,  which  lies  between  this 
)ald  sketch  of  a  plant  and  the  giant  pine  of  California, 
|;oworing  to  the  dimensions  of  a  cathedral  spire,  or  the 
hulian  fig,  wdiich  covers  acres  with  its  profound  shadow, 
iiul  endures  wdiile  nations  and   empires  come   and  go 
iround  its  vast  circumference.     Or,  turning  to  the  other 
lalf  of  the  world  of  life,  picture  to  yourselves  the  great 
'"inner  Avliale,  hugest  of  beasts  that  live,  or  have  lived, 
lispoi'ting  his  eighty  or  ninety  feet  of  bone,  muscle,  and 
3luhber,   with   easy   roll,    among   waves   in   which   the 
^toutest   ship  that   ever  left   dockyard    would    founder 
lopelessly ;  and  contrast  him  with  the  invisible  animal- 
cules— mere  gelatinous  specks,  multitudes  of  which  could, 
In  fict,  dance  upon  the  point  of  a  needle  with  the  same 
kse  as  the  angels  of  the  Schoolmen  could,  in  imagination, 
'ith  these  images  l)efore  your  n  inds,  you  may  well  ask, 
rliat  community  of  form,  or  structure,  is  there  between 
[ho  animalcule  and  the  whale  ;  or  between  the  fungus  and 
[he  fig-tree  ?     And,  d  fortiori,  between  all  four  ? 

Finally,  if  we  regard  substance,  or  material  composi- 
tion, what  hidden  bond  can  connect  tjie  flower  which  a 
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girl  wears  in  her  hair  and  the  blood  which  coiirscJ 
through  lier  youthful  veins;  or,  what  is  there  in  common 
between  the  dense  and  resisting  mass  of  the  oak,  or  tli.. 
strong  ftibric  of  the  tortoise,  and  those  broad  disks  o( 
gLassy  jelly  which  may  be  seen  pulsating  through  tliel 
waters  of  a  calm  sea,  but  which  drain  away  to  mere  filni;| 
in  the  hand  which  raises  them  out  of  their  element  \ 

Such  objections  as  these  must,  I  think,  arise  in  tliel 
mind  of  every  one  who  ponders,  for  the  first  time,  upoul 
the  conception  of  a  single  physical  basis  of  life  under- 
lying all  the  diversities  of  vital  existence  ;  but  I  proposi 
to  demonstrate  to  you  that,  notwithstanding  these 
apparent  difficulties,  a  threefold  unity — namely,  a  iinitv 
of  power,  or  faculty,  a  unity  of  form,  and  a  unity  ol 
substantial  composition — does  pervade  the  whole  livin^l 
world. 

No  very  abstruse  argumentation  is  needed,  in  the  firsi 
place,  to  prove  that  the  powers,  or  faculties,  of  all  kirifl;| 
of  living  matter,  diverse  as  they  may  be  in  degree,  art| 
substantially  similar  in  kind. 

Goethe  has  condensed  a  survey  of  all  the  powers  oil 
mankind  into  the  well-known  epigram  : — 

"  Warum  treibt  sich  das  Volk  so  und  schreit  ?  Es  will  sich  emiibren 
Kinder  zeugen,  und  die  niihren  so  gut  es  vermag. 

*  *  *  «  « 

Welter  bringt  es  kein  Mensch,  stell'  er  sich  wie  er  auch  will." 

In   physiological   language   this   means,   that  all  tk 
multifarious    and    complicated    activities    of    man   aiti 
comprehensible  under  three  categories.     Either  they  art 
immediately  directed  towards  the  maintenance  and  deYe| 
lopment  of  the  body,  or  they  effect  transitory  cliani^t 
in  the  relative  positions  of  parts  of  the  body,  or  they  tiii.K 
towards  the  continuance  of  the  species.    Even  those  mauir 
festations  of  intellect,  of  feeling,  and  of  will,  which  ^t[ 


i 


sicli  emiibren 


Tll. 


ON  THE  PHYSICAL  BASIS  OF  LIFE. 


123 


rjolitly  name  the  Juglier  faculties,  are  not  excluded  from 
this  classification,  inasmuch  as  to  every  one  but  the  subject 
of  them,  they  are  known  only  as  transitory  changes  in 
the  relative  positions  of  parts  of  the  body.  Speech, 
ccstare,  and  every  other  form  of  human  action  are,  in 
the  long  run,  resolvable  into  muscular  contraction,  and 
muscular  contraction  is  but  a  transitory  change  in  the 
I  relative  positions  of  the  parts  of  a  muscle.  But  the 
scheme  which  is  large  enough  to  embrace  the  activities 
;  of  the  highest  form  of  life,  covers  all  those  of  the  lower 
I  creatures.  The  lowest  plant,  or  animalcule,  feeds,  grows, 
laiul  reproduces  its  kind.  In  addition,  all  animals  manifest 
tliose  transitory  changes  of  form  which  we  class  under 
irritability  and  contractility ;  and,  it  is  more  than 
probable,  that  when  the  vegetable  world  is  thoroughly 
explored,  we  shall  find  all  plants  in  possession  of  the 
Isame  powers,  at  one  time  or  other  of  their  existence. 

I  am  not  now  alluding  to  such  phsenomena,  at  once 

[rare  and  conspicuous,  as  those  exhibited  by  the  leaflets 

lof  the  sensitive  plant,  or  the  stamens  of  the  barberry, 

Ibut  to  much  more  widely-spread,  and,  at  the  same  time, 

liuore  subtle   and   hidden,    manifestations   of   vegetable 

[contractiUty.     You  are  doubtless  aware  that  the  common 

letde  owes  its  stinging  property  to  the  innumerable  stiH' 

ind  needle-like,  though  exquisitely  delicate,  hairs  which 

jover  its  surface.      Each  stinging-needle  tapers  from  a 

)road  base  to  a  slender  summit,  which,  though  rounded 

it  the  end,  is  of  such  microscoi)ic  fineness  that  it  readily 

)enetrates,  and  breaks  off  in,  the  skin.     The  whole  hair 

consists  of  a  very  delicate  outer  case  of  wood,  closely 

ipplied  to  the  inner  surface  of  which  is  a  layer  of  semi- 

luid  matter,  full  of   innumerable  granules  of  extreme 

ninuteness.     This  semi-fluid  lining  is  protoplasm,  which 

|;hus  constitutes  a  kind  of  bag,  full  of  a  limpid  liquid, 

lud  roughly  corresponding  in  form  with  the  interior  of 
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the  hair  wliich  it  fills.  When  viewed  with  a  sufficiontlv 
high  magnifying  power,  the  protoplasmic  layer  of  tlie 
nettle  hair  is  seen  to  be  in  a  condition  of  uncoasinf' 
activity.  Local  contractions  of  the  Avhole  thickness  of 
its  substance  pass  slowly  and  gradually  from  point  to 
point,  and  give  rise  to  the  appearance  of  progrcssivi; 
waves,  just  as  the  bending  of  successive  stalks  of  com  hv 
a  breeze  produces  the  apparent  billows  of  a  corn-field. 

But,  in  addition  to  these  movements,  and  independently 
of  them,    the  granules  are  driven,  in   relatively   rapiil 
streams,  through  channels  in  the  protoplasm  which  seem 
to  have  a  considerable  amount   of   persistence.      1h>\ 
commonly,  the  currents  in  adjacent  parts  of  the  proto-l 
plasm   take   similar   directions  ;    and,  thus,  there  is  a 
general  stream  up  one  side  of  the  hair  and  down  tli[| 
other.     But  this  does  not  prevent  the  existence  of  partial 
currents  which  take  difierent  routes  ;   and,  sometimij, 
trains   of    granules   may   be   seen    coursing   swiftly  ini 
opposite   directions,  Avithin  a  twenty-thousandth  of  aii| 
inch  of  one  another;  while,  occasionally,  opposite  stream? 
come  into  direct  collision,  and,  after  a  longer  or  shorter 
struggle,  one  predominates.     The  cause  cf  these  currents  | 
seems  to   lie    in  contractions  of  the  protoplasm  whieli 
bounds  the  channels  in  which  they  flow,  but  which  ar;l 
so  minute  that   the  best   microscopes   show   only  their 
effects,  and  not  themselves. 

The  spectacle  aftbrded  by  the  wonderful  energicjl 
prisoned  within  the  compass  of  the  microscopic  hair 
of  a  plant,  '.vdiicli  we  commonly  regard  as  a  mcrdv 
passive  organism,  is  r  ot  easily  forgotten  by  one  who  liii; 
watched  its  display,  continued  hour  after  hour,  withoii; 
pause  or  sign  of  weakening.  The  possible  complexity 
of  many  i^Lher  organic  forms,  seemingly  as  simple  a; 
the  protoplasm  of  the  nettle,  dawns  upon  one ;  and  tli: 
comparison  of  such  a  protoplasm  to   a  body  with  m 
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internal  circulation,  which  has  been  put  forward  by  an 
omiiicnt  physiologist,  loses  much  of  its  startling  character. 
Currents  similar  to  those  of  the  hairs  of  the  nettle  have 
been  observed  in  a  great  multitude  of  very  dilierent 
])lants,  and  weighty  authorities  have  suggested  that  they 
probably  occur,  in  more  or  less  perfection,  in  all  young 
voo-etable  cells.  If  such  be  the  case,  the  wonderful 
noonday  silence  of  a  tropical  forest  is,  after  all,  due  only 
to  the  dulness  of  our  hearing  ;  and  could  our  ears  catch 
the  murmur  of  these  tiny  iMaelstroms,  as  they  whirl  in 
the  innumerable  myriads  of  living  cells  which  constitute 
each  tree,  we  should  be  stunned,  as  with  the  roar  of 
a  great  city. 

Among  the  lower  plants,  it  is  the  rule  rather  than  the 
I  exception,  that  contractility  should  be  still  more  openly 
manifested   at   some   periods   of  their   existence.      The 
protoplasm  of  Algce  and  Fungi  becomes,  under  many 
{circumstances,  partially,  or  completely,  freed   from   its 
woody  case,  and  exhibits  movements  of  its  whole  mass, 
or  is  propelled  by  the  contractility  of  one,  or  more,  hair- 
like  prolongations  of  its  body,  which  arc  called  vibratilc 
cilia.     And,  so  far  as  the  conditions  of  the  manifestation 
of  the  phoenomena  of  contractility  have  yet  been  studied, 
they  are  the  same  for  the  plant  as  for  the  animal.     Heat 
and  electric  shocks  influence  both,  and  in  the  same  way, 
though  it  may  be  in  different  degrees.     It  is  by  no  means 
Imy  intention  to  suggest  that  there  is  no  difference  in 
Ifacuay  between   the  lowest  plant  and  the  highest,  or 
[between  plants  and  animals.     But  the  difference  between 
the  powers  of  the  lowest  pdant,  or  animal,  and  those  of 
|the  highest,  is  one  of  degree,  not  of  kind,  and  de})ends, 
IS  ^lilne-Ed wards  long  ago  so  well  j)ointed  out,  upon 
the  extent   to  which   the    principle  of   the  division  of 
labour  is  carried  out  in   the    living  economv-     In  tlu; 
lowest  organism  all  parts  are  competent  to  perform  all 
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functions,  and  one  and  the  same  portion  of  pi-ou, 
plasm  may  successively  take  on  the  function  of  feedincf, 
moving,  or  reproducing  apparatus.  In  the  highest,  on 
the  contrary,  a  great  number  of  parts  combine  to  per- 
form  each  function,  each  p^rt  doing  its  allotted  sluirofii 
the  work  with  great  accuracy  and  efficiency,  but  Ijciii;; 
useless  for  any  other  purpose. 

On  the  other  hand,  notwithstanding  all  the  funda- 
mental resem])lances  which  exist  between  the  powers  nf 
the  protoplasm  in  plants  and  in  animals,  they  prcsont 
a  striking  difference  (to  which  I  shall  advert  more  at 
length  presently),  in  the  fact  that  plants  can  manufactuiv 
fresh   protoplasm    out   of   mineral    compounds,  wher(a;| 
animals  are  obliged  to  procure  it  ready  made,  and  heini 
in  the  long  run,  depend  upon  plants.     Upon  what  con- 1 
dition  this  difference  in  the  powers  of   tlie  two  great 
divisions  of  the   world  of   life  depends,   nothing  is  a:| 
present  known. 

With   such   qualification   as   arises   out   of  the  last- 
mentioned  fact,  it  may  be  truly  said  that  the  acts  of  alii 
living  things  are  fundamentally  one.     Is  any  such  iinitv 
predicable  of  their  forms  ?    Let  us  seek  in  easily  verifit(i| 
facts  for  a  reply  to  this  question.     If  a  drop  of  blood 
drawn  l)y  pricking  one's  finger,  and  viewed  with  pro|v:| 
precautions  and  under   a   sufficiently  high  microscopkj 
power,  there  will  be  seen,  among  the  innumerable  mui-R 
titude  of  little,  circular,  discoidal  l)odies,  or  corpuscliNr 
which  float  in  it  and  give  it  its  colour,  a  comparativ(!\ 
small  number  of  colourless  corpuscles,  of  somewhat  larovrl 
size  and  very  irregular  shape.     If  the  drop  of  blood  \A 
kept  at  the  temperature  of  the  body,  these  coloiirk| 
corpuscles  will  be  seen  to  exhibit  a  marvellous  activity, 
changing  their  forms  with  great  rapidity,  drawing  iiil 
and  thrusting  out  prolongations  of  their  substance,  anal 
creeping  about  as  if  they  were  indej)endent  organisms. 
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The  .substance  which  is  thus  active  is  a  mass  of  pro- 

Itoplasm,  aiul  its  activity  ditFers  in  detail,  rather  than  in 

principle,  iVoni  that   of   the   protoplasm   of    the  nettle. 

lUiKlei'  sundry   circumstances    the    corpuscle    dies   and 

Ibecunies  distended  into  a  round  mass,  in  the  midst  of 

Iwhich  is  seen  a  sniallcr  spherical  body,  which  existed, 

Ibut  was  more  or  h^ss  hidden,  in  the  living  corpuscle,  and 

lis  called  its  nucleus'.     Corpuscles  of  essentially  similar 

jtructure  are  to  l)e  found  in  the  skin,  in  the  lining  of  the 

Inioiitli,  and  scattered  through  the  whole  fi'iunevvork  of 

the  body.     Nay,  more  ;  in  the  earliest  condition  of  the 

iinnau  organism,  in  that  state  in  wddcli  it  has  but  just 

)econie  distinguishable  from  the  egg  in  whi(di  it  arises, 

tt  is  nothing  but  an  aggregation  of  such  corpuscles,  and 

}very  organ  of  the  body  was,  once,  no  more  than  such 

m  aggregation. 

Thus  a  nucleated  mass  of  protoplasm  turns  out  to  be 

rhat  may  be  termed  the  structural  unit  of  the  human 

)ocly.    As  a  matter  of  fact,  the  body,  in  its  earliest  state, 

|is  a  mere  multiple  of  such  units  ;  and,  in  its  perfect  con- 

lition,  it  is  a  multiple  of  such  units,  variously  modified. 

But  does  the  formula  which  expresses  the  essential 
jtructural  character  of  the  highest  animal  cover  all  the 
rest,  as  the  statement  of  its  powers  and  faculties  covered 
that  of  all  others  ?  Very  nearly.  Beast  and  fowl, 
reptile  and  fish,  mollusk,  worm,  and  polype,  are  all  com- 
30sed  of  structural  units  of  the  same  character,  namely, 
lasses  of  protoplasm  with  a  nucleus.  There  are  sundry 
^ery  low  animals,  each  of  which,  structurally,  is  a  mere 
jolourless  blood-corpuscle,  leading  an  independent  life, 
lut,  at  the  very  bottom  of  the  animal  scale,  even  this 
simpHcity  becomes  simplified,  and  all  the  phoenomena  of 
life  are  manifested  by  a  particle  of  protoplasm  without  a 
uicleus.  IS  or  are  such  organisms  insignificant  by  reason 
)f  their  Avant   of    comj)lexity.     It    is   a    fair   question 
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wliotlior  tlio  prot()])liisfn  of  tliosii  simplest  f(jriiis  of  Jif, 
wlii(;h  |)('<)ple  an  iniincMsi;  oxti'Ut  of  tli(!  l)ott()m  of  tlJ 
sou,  wcnild  not  oiit\V('iL;h  tliat  of  all  tin;  liii^iidr  liviiiJ 
beirif^s  which  inh;tl)it  Lh<'  land  ])iit  togctlicr.  AikI  ii 
anci(!H:  times,  no  h\ss  tliaii  at  the  present  clay,  ,sii(!,| 
livinf^  beings  as  these  have  been  the  greatest  of  ro(>;| 
builders. 

What  has  been  said  of  tlio  animal  world  is  no  less  trufl 
of  phmts.     Imbe(hled  in  the  protoplasm  at  the  broad. (J 
attaehcd,  end  of  the  nettle  hair,  there  lies  a  s})h('ioi(l,, 
nu(deus.     Can-ful  examination   further  proves  that  tli 
whole  substance  of  the  nc'ttle  is  made  u[)  of  a  repetitii:. 
of  such  masses  of  nucleated  proto)>lasm,  each  eoutaiiiHi 
in  a  wooden  case,  which  is  modified  in  form,  sometiiiii.| 
into  a  woody  fibre,  sometimes  into  a  duc^t  or  spiral  V('h,>4 
sonKitimes  into  a  polh^n  grain,  or  an  ovuh;.     Traced  bail; 
to  its  earliest  state,  the  nettle  aris(,'S  as  the  man  does,  if 
a  particle  of  nuch^ated  proto[)la,sm.      And  in  the  lo\ve,>; 
plants,  as  in  the  lowest  animals,  a  singhi  mass  of  si]^',! 
protoplasm  may  constitute  the  whole  })lant,  or  the  protoP 
plasm  may  exist  without  a  nucleus. 

Under  these  circumstances  it  may  well  be  asked,  howl 
is  one  mass  of   non-micleated  proto[)lasm  to  be  distiri| 
guished  from  ain^tlier?    why  call  one  "plant"  and  tli: 
other  "  animal  "  ? 

The  only  re[)ly  is  ihat,  so  far  as  form   is  conceriiedl 
plants  and  animals  cue  not  separable,  and  that,  in  raaiivf 
cases,  it  is  a  mere  matter  of  ctjnvention  wdiether  we  ciiLl 
a  given  organism  an  animal  or  a  plant.    There  is  a  liviii': 
body  called  y]l!thalutm  septlcum,  which  ap[)ears  upuL 
decaying  vegetaljle  substa,nces,  and,  in  oiie  of  its  forms,!; 
common  upon  the  surfaces  of  tan-pits.    h\  this  conditior. 
it  is,  to  all  intents  an<l  purposes,  a  fungus,  and  formerly 
was  always  regarded  as  sucli ;    but  the  remarkable  in-j 
vcstigations  of   Do  Bary  have  shown  that,  in  anotk 
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joiidition,  the  /Etli((liiijii  is  jin  actively  loromolivc  ci'c.'i- 
tiiic,  iiiul  t.'ik(.'S  ill  solid  ninttcrs,  ii[)(»ii  wliicli,  jippiiroiitly, 
It  ft'<'(ls,  thus  oxliibitin,!,^  tlio  most  cli.'ii'nctcristic  ((iilin-o 
jf  Miiiiiiality.  Is  this  \i  plant;  or  is  it  (in  aiiiniiir^  Is 
[t  hoth  ;  or  is  it  noithtT  ?  8onic  dcfido  in  favonr  of  the 
last  .siii)[)')sitioii,  and  c'stahlish  an  intcniicdiatc  kingdom, 
sort  of  biological  No  ^Fail's  Land  for  all  these  (jues- 
[i()ii;il)le  fji'ins.  But,  as  it  is  admittedly  impossilde  to 
\\[\\y  any  distinct  boundary  line  between  this  no  man's 
111(1  ;ind  the  vegetabh^  world  on  the  one  hand,  or  the 
IniiiKil,  on  the  other,  it  appears  to  me  that  this  pro- 
[eeiliiig  nier(dy  doubles  the  difficulty  which,  before,  was 
iigle. 

Protoplasm,  simple  or  nucleated,  is  the  formal  basis  of 
11  life.     It  is  the  clay  of  the  potter  :  which,  bnke  it  and 
[aiiit  it  as  he  will,  remains  clay,  separated  by  artifice, 
id  not  by  rifiturc,  from  the  commonest  brick  or  sun- 
iicd  clod. 

Thus   it   becomes    clear   that    all    living   })0wers   are 

lite,  and  that  all  living  forms  are  fundamentally  of 

le  character.      The    researches   of    the    chemist    liavc 

^venlcd  a  no  hiss  striking  uniformity  of  material  com- 

)sition  in  livini>;  matter. 

111  perfect  strictness,  it  is  true  that  chemical  inves- 
jiition  can  tell  us  little  or  nothing,  directly,  of  the 
to}'0,sition  of  living  matter,  inasmuch  as  su(di  matter 
lust  needs  die  in  the  act  of  analysis, — and  u})on  this 
ky  ol)vious  ground,  objections,  wlii(di  I  confess  seem  to 
je  to  be  somewhat  frivolous,  have  been  raised  to  the 
[awing  of  any  conclusions  wdiatever  resj)ecting  the 
|ni[)Osition  of  actually  living  matter,  from  that  of  the 
lad  matter  of  life,  which  (done  is  accessilde  to  us.  But 
jcf'tors  of  this  class  do  not  seem  to  reflect  that  it  is 
&o,  ill  strictness,  true  that  wc  know  nothing  about  the 
iiposition  of  any  body  whatever,  as  it  is.     The  statc- 
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mont  tliat  w  crystiil  of  (;!i1('-sp{ir  consists  of  farlxiimtc 
lime,  is  quite  true,  if  we  only  niciui  tluit,  l)y  iipproini  • 
processes,   it    may   l>o   res(^lve(l    into   ('jn'l)oni<'   aci*!  m 
qnicklinK^     If  yon  j).'iss  tlie  same  (•in'l)onie  acid  ovcrtl 
very  (|ni(;klime  tlms  obtained,  you  will  obtain  cniboini 
of  lim(}  a_f]fiiin  ;  but  it  will  not  be  calc-sj)ar,  nor  aiiytliii; 
like  it.     Can  it,  tlier(;forc,  be  said  that  cliemical  iiiialw 
tcMclies  nothing  about  the  chemical  composition  of  I'l' 
spar?     Such   a  statement  would  be   absurd;    but  it 
hardly  more   so  tlnin  the   talk    one    oc(.'nsion;dly  hca: 
about  th(3  us(.'lessness  of  applying  the  rc^sults  of  clieniii 
analysis  to  the  living  bodies  whi(;h  have  yiehh.'d  tlicin, 

One  fact,  at  any  rate,  is  out  of  reach  of  such  ivfii. 
ments,   and   this  is,   that   all   the  forms  of  protopla-l 
which  have  yet  been  examined  contain  the  four  eleimir 
carbon,  hydrogen,  oxygen,  and  nitrogen,  in  very  comji; 
union,  and  that  they  behave  similarly  towjirds  scverj 
reagents.     To  this  complex  combinati(jn,  the  natun; 
which  has  never  been  determiiuMl  with  exactness,  til 
name  of  Protein  has  been  applied.     And  if  we  use  tl( 
term  with  such  caution  as  may  properly  arise  out  of 
comparative  ignorance  of  the  things  for  which  it  staiiJ 
it  may  be  truly  said,  that  all  protoj)lasm  is  proteinaiTOiij 
or,  as  the  white,  or  albumen,  of  an  vg^  is  one  of 
commonest  examples  of  a  nearly  pun^  protcine  matt 
we   ma;y   say   that    all   living   matter   is   more   or 
albuminoid. 

Perhaps  it  would  not  yet  be  safe  to  say  that  all  fold 
of  protoplasm  are  affected  by  the  direct  action  of  cL'd 
shocks ;  and  yet  the  number  of  cases  in  which  t| 
contraction  of  protoplasm  is  shown  to  be  effected  hytj 
agency  increases  every  day. 

Nor  can  it  be  aflirmed  with  p)erfcct  confidenc^e,  tliatj 
forms  of  protoplasm  are  lijible  to  undergo  that  peciiij 
coagulation  at   a   temperature    of    40° — 50°  centignl 
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rhicli  li;is  Ix'cn  called  "  iR'at-stiirt'iiliig',"  tlioyoli   Kiiliiic's 

X'.intiriil  rceicarclics  liavc;  proved  tliis  occiU'rciKMr  lo  t.Mk(' 

)l;ic(!  ill  so  mail}'  a?id  .sii<;h  diverse  IIvih^l;'  heiii^s,  that   it 

hai'dly  rash  to  ixpeet  that  the  hiw  holds  good  lor  all. 

Enough  has,  perhaps,  Leeii  said  to  prove  the  existence 
f  ii  o-eiiei-al  iiuilonnity  in    the   eliaraetei*  of  the   proto- 
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•in<(  heiii<;s  it  may  he  studied.  ]>ut  it  Avill  he  under 
[toed  that  this  o-(!n(!ral  unifoiniity  l»y  no  means  exehah'S 
Iriy  amount  of  sjx'C'ial  modifications  of  the  fundamental 
uhstiUiee.     The  ndiieral,  carhonate  ol"  lime,  assumes  an 


lUHcnse  diversity  of  ehara(;tei\s,  though  no  one  doi.hts 
it,  under  all  these  Protean  elianf'(,'S,  it  is  one  and  ll 
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And  now,  wliat   is   the  ultimate   fate,   and   Avhat  the 
Iriiiiu,  of  the  matter  of  life  ? 

Is   it,    as    some    of    the    older   naturalists    sn])posed, 

liffused  throughout  the  universe  in  moleeules,  wiiieli  are 

(Icstructihle  and  unehangeahle  in  themselves  ;  hut,  in 

idlcss   transmigration,    unite    in    innumerahle    })ermu- 

itioiis,  into  the  diversified  forms  of  life  we  know  (     Or, 

tJK!   matter    of    life    eomt)ose(l    of    or<linary    matter, 

lilfcriiig  from  it  only  in  the  manner  in  A\hi(di  its  atoms 

aggregated?    Is  it  built  w\)  of  ordinary  matter,  and 

bain  re;^olved  into  ordinary  matter  when  its  \\()rk   is 

loiK!  ? 

]\l()(lern  sci(  nee  does  not  hesitate  a  moment  between 

lose  alternatives.     Physiology  writes  over  the  portals  of 

Ife- 


<c 


Kth 


a  r)ro 


I 


found  ( 


Deljcmur  morti  nos  nostraquc 

r  meanin 


than  the  Roman  poet  attaehed 

that  melaneholv  line.     Under  whatever   disguise   it 

-50°  centii;Ki^ftl^Gs  refuo-e  whether  funo;us  or  oak,  worm  or  man,  the 
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living  protoplasm  not  only  ultinialdy  dies  and  is  ivsolv, 
into  its  mineral  and  lifeless  constituents,  1)u'    is  iilw,,;] 
(lying,  and,  strange  as  the  paradox  may  sound,  <'»ulil 
live  unless  it  died. 

In  the  wonderful  story  of  the  "  Peau  de  r]i;i<.iij| 
the  hero  bi^conies  ])0ssessed  of  a  magical  wild  ass  nkiil 
which  yiehls  him  the  means  of  gratifying  all  his  \\i4 
But  its  surface  re[)resents  tin;  duration  of  the  t)r(»pri(tur[ 
life;  and  for  every  satisfied  desire  tlu;  skin  shrinks  J 
proportion  to  the  intensity  of  fruition,  until  at  Vw^ 
life  and  the  last  handhreadth  of  the  i)cn{i  dc  (7/(/yi 
disap[)ear  with  the  gratification  of  a  last  wish. 

Balzac's  studies  had  led   him  over  a  wide  raiiov 
thought  and   speculation,  and  his   shadowing   forth 
physiological  truth  in  this  strange  story  may  have  Itw 
intentional.    At  any  rate,  the  matter  of  life  is  a  V(  rita' 
2)(ictit  de  cha(j)'ui,  and  for  every  vital  act  it  is  soinuwii 
the  smaller.     All  work  implies  waste,  and  the  \\(ir]\ 
life  results,  directly  or  indirectly,  in  the  waste  of  piJ 
toplasm. 

Every  word  uttered  by  a  speaker  costs  him  so; 
physical  loss  ;  and,  in  the  strictest  sense,  he  biu'iis  tli 
others  may  have  light — so  much  eloquence,  so  uiulIi 
his  body  resolved  into  carboniit  acid,  water,  and  luv^ 
It  is  clear  that  this  process  of  ex[)enditure  camiot  gm 
for  ever.  But  hapjuly,  the  protoplasmic  ^;e«/^  de  chmjt 
differs  from  BrJzac's  in  its  capacity  of  being  repaired, aJ 
brought  back  to  its  full  size,  after  every  exertion. 

For  example,  this  present  lecture,  whatever  its  iiitJ 
lectual  worth  to  you,  has  a  certain  physical  value  to  eJ 
which  is,  conceivably,  expi-essible  by  tlie  numher 
grains  of  protoplasm  and  other  bodily  sul)stance  wa.st 
in  maintaining  my  vital  })rocesses  during  its  deliviij 
My  j^ea^^  dc  chagrin  will  be  distinctly  smaller  at  tlieiij 
of  the  discourse  than  it  was  at  the  Ijeginning.     By  m 
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ly    [  sli.'ill  pr(>l)al>ly  luive  r('r'rmi'.so  to  tlic  .siil)stniiPo  rnni- 

iily  cmIIc*!    mutton,   for  tlic  purpose  of  stn't('liiui>'  it 

•\i  to  its  orii2,iu;il  size.     Now  this   muttdii   \v;is  (tiico 
;h('  liviii""  jn'otoplasm,  luon^  (H*  l(\ss  luoditicd,  of  {mother 

iiiKil— a  sheep.  As  I  sliall  eat  it,  it  is  the  same  matter 
Jtcivd,  ii«»t  only  l)y  (hath,  hut  by  exposuiv  to  sundry 
rtjtifial  o[ieratious  in  tlie  process  of  ecjokiiit;'. 

J)Ut  th<  se  ehanges,  wliatovcr  he  their  extent,  have  not 
iidcicd  it  incompetent  to  resume  its  ohl  functions  as 
Jitter  of  life.      A  singular  inward  hd)oratoiy,  whi(di   I 

.sscss,  will  dissolve   a  certain  portion  of  the  moditied 

irot()|»lasni ;  the  solution  so  formed  will  ]»ass  into   my 

eiiis ;  an<l  the  subtle  iiiHuences  to  which  it  will  then  be 

hjccted  will  convert  the  dead  protojdasm  into  living 

itoflasni,  and  transubstantiate  sheep  into  man. 

Xor  is  this  all.  If  digestion  were  a  thing  to  be  trifled 
itli,  T  might  sup  ipon  lol)ster,  and  the  matter  of  life  of 
e  crustacean  would  undergo  the  same  wonderful  meta- 
or}»li()sis  into  humanity.     And  were  I  to  return  to  my 

11  ]»lace  by  sea,  and  undergo  shipwreck,  the  crustacea 
ight,  and  probably  would,  return  the  compliment,  and 
moiistrate  oui*  common  nature  by  turning  my  proto- 
iisui  into  living  lobster.     Or,  if  nothing  better  were  to 

had,  I  might  supply  my  wants  with  meni  bread,  and 
should  find  the  protoplasm  of  the  wheat-plant  to  be 
invcrtible  into  man,  with  no  more  trouble   than   that 

the  sheep,  and   with  far  less,  I  fancy,  than  that  of 
c  lobster. 
Hence  it  appears  to  be  a  matter  of  no  great  moment 

at  animal,  or  what  plant,  I  lay  under  contribution  for 
'otoplasm,  and  the  fiict  speaks  volumes  for  the  general 
entity  of  that  substance  in  all  living  beings.  I  share 
is  catholicity  of  assimilation  with  other  animals,  all  of 

icli,  so  far  as  we  know,  could  thrive  equally  well  on 
,e  protoplasm  of  any  of  their  fellows,  or  of  any  plant  \ 
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but  licre  the  assimilative  powers  of  tlie  animal  wuilj| 
cease.     A  solution  of  smelling-salts  in  water,  witli  at 
infinitesimal  proportion  of   some   other  saline    in;itt!r>, 
contains  all  the  elementary  bodies  which  enter  intotU 
composition  of  protoplasm  ;  but,  as  I  need  hardly  sav.al 
hogshead  of  that  fluid  would  not  keep  a  hungry  man  fi(,r^ 
starving,  nor  would  it  save  any  animal  whatever  from; 
like  fate.     An  animal  cannot  make  protoplasm,  but  iini;;| 
tidve  it  ready-made  from  some  other  animal,    or  ,soiiJ 
plant — the  animal's  highest  feat  of  constructive  chcmisin 
being  to  convert  dead  protoplasm  into  that  living  mtxtiA 
of  life  which  is  appropriate  to  itself. 

Therefore,  in  seeking  for  the  origin  of  protoplasm,  wj 
must  eventually  turn  to  the  vegetable  world.  The  HiiiJ 
containing  carbonic  acid,  watei*,  and  anmionia,  \\\rA 
offers  such  a  Barmecide  feast  to  the  animal,  is  a  talll 
richly  spread  to  muUiLudes  of  j)hnits ;  and,  with  a  dul 
supply  of  only  such  materials,  many  a  plant  will  not  oi)]{ 
mainvain  itself  in  vigour,  but  grow  ai}d  multiply,  until;;] 
has  increased  a  million-fold,  or  a  million  million-fold,  tlj 
quantity  of  protoplasm  which  it  originally  possessed ; 
this  way  building  up  the  matter  of  life,  to  an  indefinii| 
extent,  from  the  common  matter  of  the  universe. 

Thus,  the   animal   can  only  laise  the  complex  sir- 
stance  of  dead  protoplasm  to  the  higher  power,  as  oil 
may  say,  of  living  protoplasm  ;  while  the  plant  can  rai;tl 
the  less  complex  substances — carbonic  acid,  water,  aii|4 
ammonia — to  the  same  stage  of  living  protoplasm,  if  ii'l 
to  the  same  level.     But  the  plant  also  has  its  limitatioiir 
Some   of  the  fungi,  for  example,  appear  to  need  liigkj 
compounds  to  start  with  ;  and  no  known  plant  can  M 
upon  the  uncompounded  elements   of  protoplasm, 
plant    supplied   with   pure   carbon,   hydrogen,    oxygd 
and  nitrogen,  phosphorus,  sulphur,  and  the  like,  woiilj 
as  infallibly  die  as  the  animal  in  his  bath  of  smelliiiij 
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3alts,  tlioiigli  it  would  be  surrounded  by  all  the  consti- 
tuents of  protoplasm.  Nor,  indeed,  need  the  process  uf 
Bimidifi cation  of  vegetable  food  be  carried  so  far  as  this, 
[1  order  to  arrive  at  the  limit  of  the  plant's  thauniaturgy. 
^et  watei',  carbonic  acid,  and  all  the  other  needful  con- 
stituents be  supplied  with  ammonia,  and  an  ordinary 
)lcait  ^\'ill  still  be  unable  to  manufacturtj  protoplasm. 

Thus  the  matter  o^  life,  so  far  as  we  know  it  (and  we 
lavc  no  right  to  speculate  on  any  otJier),  breaks  up,  in 
3onse(juence  of  that  continual  deatli  which  is  the  con- 
htion  of  its  manifesting  vitality,    into   cai'bonic   acid, 

rater,  and  ammonia,  which  certainly  possess  no  proper- 
Dies  but  tliose  of  ordinary  matter.  And  out  of  these 
jame  forms  of  ordinary  matter,  and  from  none  wliich 
ire  simpler,  the  vegetable  world  builds  up  all  the  proto- 
)lasm  which  l^eeps  the  animal  world  a  going.  Plants  are 
the  accumulators  of  the  power  which  animals  distribute 
ukI  disperse. 
But  it  will   be    observed,   that  the   existence  of  the 

latter  of  life  depends  on  the  pre-existence  of  certain 
compounds;  namely,  carboinc  acid,  water,  and  ammonia. 
Withdraw  any  one  of  these  three  from  the  world  and  all 
,ital  pha^nomena  come  to  an  end.  They  are  related 
to  the  proto[)lasm  of  the  plant,  as  the  protoplasm  of  the 
)laiit  is  to  that  of  the  animal.  Carbon,  hydrogen,  oxygen, 
iiid  nitrogen  are  all  lifeless  bodies.  Of  these,  carbon 
md  oxygen  unite,  in  certain  proportions  and  under 
icrtain  conditions,  to  give  rise  to  carbonic  acid  ; 
lydrogen  and  oxygen  produce  water ;  nitrogen  and 
lydrogcn  give  rise  to  ammonia.  These  new  compounds, 
like  tiie  elementary  bodies  of  which  they  are  composed, 

L'e  lifeless.  But  when  they  are  brought  together, 
inder   certain    conditions   they   give   rise    to    the   still 

lore  complex  body,  protoplasm,  and  this  protoplasm 
Exhibits  the  phsenomena  of  life. 
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I  sec  no  break  in  this  series  of  steps  in  moloonla; 
com})li(;ation,  and  I  am  unable  to  understand  wliytli, 
language  which  is  applicable  to  any  one  term  of  \\ 
series  may  not  be  used  to  any  of  the  otiiers.  We  tliiu!; 
fit  to  call  different  kinds  of  matter  carbon,  oxyovp^ 
h^^drogen,  and  nitrogen,  and  to  speak  of  the  varioii« 
powers  and  activities  of  these  substances  as  the  pr,,. 
perties  of  the  matter  of  which  they  are  composed 

When  hydrogen  and  oxygen  are  mixed  in  a  ccrtait 
proportion,  and  an  electric  spark  is  passed  through  x\n\ 
they  disappear,  and  a  quantity  of  a\  '  ^r,  equal  in  ^^■eioll! 
to  the  sum  of  their  weights,  appears  in  their  plai.t 
There  is  not  the  slightest  parity  l)etween  the  passive  ani 
active  powers  of  the  water  and  those  of  the  oxygen  aiii] 
hydrogen  v\hich  have  given  rise  to  it.  At  32^  Fahrenheit, 
and  far  below  that  temperature,  oxygen  and  hydrogea 
are  elastic  gaseous  bodies,  whose  particles  tend  to  n\k 
away  from  one  another  with  great  force.  Water,  at  tlir 
same  trnnperature,  is  a  strong  though  brittle  solid,  wh^ 
particles  teiid  to  cohere  into  definite  geometrical  sliape>, 
and  sometimes  build  up  frosty  imitations  of  the  most 
complex  forms  of  vegetable  foliage. 

Nevertheless  we  call  these,  and.  many  other  stranw 
phronomena,  the  properties  of  the  water,  and  we  do  not 
hesitate  to  believe  that,  in  some  way  or  another,  tliey 
result  from  the  properties  of  the  component  elements  o; 
the  water.  We  do  not  assume  that  a  something  calkil 
*'  aquosity  "  entered  into  and  took  possession  of  the  oxiil: 
of  hydrogen  as  soon  as  it  was  formed,  and  then  guidiMj 
the  aqueous  particles  to  their  places  in  the  facets  of  tli* 
crystal,  or  amongst  the  leaflets  of  the  hoar-fi'ost.  On  tk 
contrary,  we  live  in  the  hope  and  in  the  faith  that,  liy 
the  advance  of  molecular  piiysics,  we  shall  by  and  l.)y  Iv 
able  to  see  our  way  as  clearly  from  the  constituents  oi 
water  to  the  pro})erties  of  water,  as  v/e  arc  now  able  t 
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educe  the  operations  of  a  watcli  from  the  form  of  its 
larts  and  the  manner  in  which  they  are  put  togvtber. 
,  Is  the  case  in  any  way  changed  when  carhoiiic  acid, 
atcr,  and  ammonia  disappear,  and  ni  their  phice,  under 
he  intiuence  of  pre-existing  living  ])rott)plasm,  an 
quivalent  weight  of  the  matter  of  life  makes  its 
.ppearance  ? 

It  is  true  that  there  is  no  sort  of  parity  between  the 
irojicrties  of  the  components  and  the  properties  of  the 
esuUant,  but  neither  was  there  in  the  case  of  the  water, 
t  is  also  true  that  what  I  liave  spoken  of  as  the  in- 
uence  of  pre-existing  living  matter  is  something  quite 
nintelligible  ;  1)ut  does  anybody  quite  com})rehend  the 
odus  opeixindi  of  an  electric  spark,  which  traverses  a 
ixture  of  oxygen  and  hydrogen  ? 

What  justification  is  there,  then,  for  the  assumption  of 
c  existence  in  the  living  matter  of  a  something  which 
as  no  representative,  or  correlative,  in  the  not  living 
atter  which  gave  rise  to  it  1  What  better  philos()})hical 
:atus  has  "vitality"  than  "  aquosity-"  ?  And  vrhy 
oiild  "  vitality  "  hope  for  a  better  fate  than  tlie  other 
itys"'  which  have  disappeared  since  ^lartinus  Scriblerus 
counted  for  the  operation  of  the  meat-jack  by  its 
herent  "  meat  roasting  quality,"  and  scorned  the 
materialism"  of  those  who  explained  the  turning  of  the 
it  by  a  certain  mechanism  worked  l)y  the  draught  of 
c  chimney  ? 

If  scientific   language  is   to   possess   a   definite    and 

iistant  signification  whenever  it  is  employed,  it  seems 

me   that   we   are   logically  bound  to  apply   to   the 

otoplasm,  or  physical  basis  of  life,  the  same  C(jncep- 

•18  as  those  which  are  held  to  be  le<][itimate  elsewhere, 

the  pha^nomena  exhibited  by  water  are  its  properties, 

ai'c  those  presented  by  protoplasm,  living  or  dead,  its 

operties. 
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If  tlic  properties  of  water  may  be  properly  said  t. 
result  from  the  nature  and  disposition  of  its  compontii^ 
molecul(\s,  I  can  find  no  intelligil)!*'  ground  for  rL'fusino 
to  say  tli.'it  the  properties  of  protoplasm  result  from  tlii 
nature  and  disposition  of  its  molecules. 

But  I  bid  you  beware  that,  in  accepting  those  conclii. 
sions,  you  are  placing  your  feet  on  the  first  rung  of? 
ladder  which,  in  most  people's  estimation,  is  the  revei;. 
of  elacob's,  and  leads  to  the  antipodes  of  heaven.  It  mav 
seem  a  small  thing  to  admit  that  tlie  dull  vital  action; 
of  a  fungus,  or  a  foraminifer,  are  the  properties  of  tlnir 
protoplasm,  and  are  the  direct  results  of  the  nature  of  il 
matter  of  which  they  are  composed.  But  if,  as  I  liavt 
endeavoured  to  prove  to  you,  their  protoplasm  is  essen- 
tially identical  with,  and  most  readily  converted  into, 
that  of  any  animal,  I  can  discover  no  logical  halting- 
place  between  the  admission  that  such  is  the  case,  aii'; 
the  further  concession  that  all  vital  action  may,  Avitii 
equal  propriety,  be  said  to  be  the  result  of  the  muleeiila: 
forces  of  the  protoplasm  which  displays  it.  And  if  si- 
it  must  be  true,  in  the  same  sense  and  to  the  sain 
extent,  that  the  thoughts  to  which  I  am  now  oiyii].^ 
utterance,  and  your  thoughts  regarding  them,  are  t!k 
expression  of  molecular  clianges  in  that  matter  of  \i 
which  is  the  source  of  our  other  vital  phsenomcna. 


Past  experience  leads  me  to  be  tolerably  certain  tliat 
when  the  propositions  I  have  just  placed  before  you  ar] 
accessil)le  to  public  comment  and  criticism,  they  will 
condemned  by  many  zealous  persons,   and  perhaps  ki 
some   few   of  the  wise  and  thoughtful.     I  should  m 
wonder   if  "  gross   and   brutal   materialism "  were  tlii 
mildest   phrase    applied  to    them    in   certain   quartcr-l 
And,  most  undoubtedly,  the  terms  of  the  propositions 
distinctly   materialistic.      Nevertheless   two    things  aij 
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icortaiii :  the  one,  that  I  hold  the  statements  to  Ih^  suh- 
staiitially  true  ;   the  other,  that  I,  individually,  am  no 

IniatcnaUst,  but,  on   the  eontrary,  believe  materialism  to 

liuvolve  grave  pliilosophical  orror. 

This  union  of  materialistic  terminology  with  the  repu- 

Idiation  of  materitdistic  philosophy,  I  share  with  some  of 
the  most  thoughtful  men  with  whom  I  am  accpiainted. 

IAikI    ^^hen    1    first    undertook    to    deliver   the    present 

Idiscourse,  it  appeared  to  me  to  be  a  fitting  ojiport unity 

Ito  exphiin  how  such  a  union  is  not  only  consistent  with, 
jut  necessitated  by,  sound  logic.  I  purposed  to  lead  you 
throu^'h  the  territory  of  vital  [)h{Tinoniena  to  the  material- 

listic  slough  in  which  you  find  yourselves  now^  plunged, 

laiul  then  to  point  out  to  you  tlie  sole  path  by  which,  in 
iiy  judgment,  extrication  is  possible. 

An  occurrence  of  which  I  was  unaware  until  my 
UTival  here  last  night,  renders  this  line  of  argument 
siii'^ularly  opportune.  I  found  in  your  pa])ers  the 
lo(|Uent  address  "  On  the  Limits  of  Philosopliical 
nquiiy,"  which  a  distinguished  prelate  of  the  English 
^'hurch  delivered  before  the  memljcrs  of  the  Plnloso- 
)hical  Institution  on  the  previous  day.  ]\Iy  arginnent, 
ilso,  turns  upon  this  very  point  of  the  limits  of  philo- 
sophical inquiry ;  and  I  cannot  bring  out  my  own  views 
)ctter  than  by  contrasting  them  with  those  so  plainly, 
md,  in  the  main,  fairly,  stated  by  the  Archl)ishop  of 

ir-.rk. 

But  I  may  be  permitted  to  make  a  preliminary  com- 
lent  upon  an  occurrence  that  greatly  astonished  me. 
Lpplying  the  name  of  '*the  New  Philosophy"  to  that 
jstiniate  of  the  limits  of  philosophical  inquiry  which  I, 
In  common  with  many  other  men  of  science,  hold  to  l)c 
list,  the  xArchbishop  opens  his  address  by  identifying 
this  "New  Philosophy"  with  the  Positive  Philoso].)hy  of 
il.  Comte  (of  whom  he  speaks  as  its  "  founder'") ;  and 
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then  proceeds  to  attack  that  philosopher  and  his  doctniir^ 
vigorously. 

Now,  so  far  as  I  am  concerned,  the  most  revereiii 
prelate  might  dialectically  hew  M.  Comte  in  i)ieces,  as;i 
nKjdern  A  gag,  and  I  should  not  attempt  to  stay  Li; 
hand.  In  so  far  as  my  study  of  what  specially  cliarai. 
terises  the  Positive  Philosophy  has  led  me,  I  find  then  in] 
little  or  nothing  of  any  scientific  value,  and  a  groat  deal 
which  is  as  thoroughly  antagonistic  to  the  very  essoiKc 
of  science  as  anything  in  ultramontane  Catholicism.  iJ 
fact,  M.  Comte's  philosophy  in  practice  might  l)e  com- 
peiidiously  descrilx^d  as  Catholicism  minus  Christianitv, 

Put  what  has  Comtism  to  do  with  the  "New  PliikJ 
so})hy,"  as  the  Archbishop  defines  it  in   the  following 
l^assage  ? 

"Let  me  briefly  remind  you  of  the  leading  principles  of  this  neir| 
pllilosopll3^ 

"All  knowledge  is  experience  of  fiicts  acquired  by  the  senses.    TIihI 
traditions  of  older  philosophies  liavc  obscured  our  experience  by  niixiii;| 
"Nvitli  it  much  that  the  senses  cannot  observe,  and  until  these  additinr.: 
are  discarded  our  knowledge  is  impure.     Thus  metaphysics  tell  us  tLatl 
one  fact  which  we  observe  is  a  cause,  and  another  is  the  effect  of  tliij 
cause ;   but   upon  a  rigid  analysis,  Ave  find  that  our  senses  dlismel 
notliing  of  cause  or  effect :  they  observe,  first,  that  one  fact  siicot!; 
another,  and,  after  some  opportunity,  that  this  fact  has  never  failed  t:.| 
follow — that  for  cause  and  effect  we  should  substitute  invariable  siicf 
cession.     An  older  philosophy  teaches  us  to  define  an  object  hy  i\:> 
tinguishing  its  essential  from  its  accidental  qualities  :  but  expericine 
knows  notliing  of  essential  and  accidental;  she  sees  only  that  (.'ertnirl 
marks  attach  to  an  object,  and,  after  many  observations,  that  some  f:j 
them  attach  invariably,  whilst  others  may  at  times  be  absent.  .  ,  , 
As  all  knowledge  is  relative,  the  notion  of  anything  being  necessairj 
must  be  banished  with  other  traditions."  ^ 

There  is  much  here  that  expresses  the  spirit  of  tlie 
"  New  Philosophy,"  if  by  that  term  be  meant  the  spiiiil 
of  modern  science  ;  but  I  cannot  but  marvel  that  tlit( 

^  "  The  Limits  of  Philosophical  Inquiry,"  pp.  4  and  5. 
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asseiiibl^'cl  wisdom  and  loarning  of  Ediiiljurgli  should 
liiivc  uttered  no  sign  of  dissent,  when  Conite  was 
(It'chired  to  be  the  founder  of  these  doetrines.  No  one 
will  accuse  Scotchmen  of  habitually  forgetting  their 
Ipivat  countrymen;  but  it  was  enough  to  make  David 
I  Hume  turn  in  his  grave,  that  liere,  almost  within  ear- 
Isliot  of  his  house,  an  instructed  audience  should  have 
listened,  w^ithout  a  murmur,  while  his  most  characteristic 
doctrines  w^ere  attributed  to  a  French  writer  of  fifty 
years  later  date,  in  whose  dreary  and  verbose  pages  we  ^ 
miss  alike  the  vigour  of  thought  and  the  ex(|uisite  clear-  Urwt  '^ 
ness  of  style  of  the  man  whom  I  make  bold  to  term  the 
Biost  acute  thinker  of  the  eighteenth  century — even 
[tliough  that  century  produced  Kant. 

Ihit  I  did  not  come  to  Scotland  to  vindicate  the 
[honour  of  one  of  the  greatest  men  she  has  ever  produced. 
[My  business  is  to  point  out  to  you  that  the  only  way  of 
lescape  out  of  the  crass  materialism  in  which  we  just 
low  landed,  is  the  adoption  and  strict  working-out  of 
Itlie  ver)'  princi]:)les  which  the  Archbishop  holds  up  to 
re})i'ol)ation. 

Let  us  suppose  that  knowdedgc  is  absolute,  and  not 
relative,  and  therefore,  that  our  conception  of  matter 
represents  that  which  it  really  is.  Let  us  suppose, 
further,  that  we  do  know  more  of  cause  and  effect  than 

certain  definite  order  of  succession  among  facts,  and 
that  we  have  a  knowledge  of  the  necessity  of  that  succes- 
sion— and  hence,  of  necessary  laws — and  T,  for  my  part, 
lo  not  see  what  escape  there  is  from  utter  materialism 
md  necessarianism.  For  it  is  obvious  that  our  l:now- 
[eclge  of  what  we  call  the  material  world,  is,  to  begin 
^itii,  at  least  as  cerjtain  and  definite  as  that  of  the 
biiitual  world,  and  that  our  actpiaintance  with  la\v  is  of 
M  old  a  date  as  our  knowledge  of  spontaneity.     Further, 

take  it  to  be  demonstrable  that  it  is  utterly  impossiljlc 
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to  pi'ov^c  that  anytliiiig  Avliatevcr  iiiny  not  l)e  tlio  ofiii; 
of  a  material  and  necessary  cause,  and  tliat  luinian  Lifr;, 
is  equally  incompetent  to  prove  that  any  act  ;. 
really  s})ontaneous.  A  really  s})ontaneous  act  is  on. 
which,  by  the  assumption,  has  no  cause;  and  the  attcni],: 
to  prove  such  a  negative  as  this  is,  on  the  face  of  tli, 
matter,  absurd.  And  while  it  is  thus  a  philosoiiliiri,; 
imi)()ssil)ility  to  demonstrate  that  any  given  phauioiiK'Hui. 
is  not  the  effect  of  a  material  cause,  any  one  who  i. 
acquainted  Avith  the  history  of  science  will  admit,  tliat 
its  pr'^gre.is  lias,  in  all  ages,  meant,  and  now,  more  tliai. 
ever,  means,  the  extension  of  the  province  of  what  \\< 
call  matter  and  causation,  and  the  concomitant  gradiiii^ 
banishment  from  all  regions  of  human  th(mght  of  wlm; 
we  call  spirit  and  spontaneity. 

1  have  endeavoured,  in  the  first  part  of  this  discoiiiv. 
to  give  you  a  conception  of  the  direction  towards  wliii!: 
motlern  physiology  is  tending  ;  and  I  ask  you,  what  i« 
the  diiferencc  between  the  conce})tion  of  life  as  tli: 
})roduct  of  a  certain  disposition  of  material  moleculi; 
and  the  old  notioji  of  an  Archa3us  croverninoj  and  ili- 
reeling  blind  matter  within  each  living  body,  excepi 
this — that  here,  as  elsewhere,  matter  and  law  have  di- 
voured  s})irit  and  spontaneity  ?  And  as  surely  as  cvtiT 
future  grows  out  of  past  and  present,  so  will  the  phy- 
siology of  the  future  gradually  extend  the  realm  i 
mattei'  and  law  unril  it  is  co-extensive  with  knowledi,^' 
with  feelino-,  'ind  with  action. 

The  consciousness  of  this  OTcat  truth  weio^hs  like; 
nightmare,  I  believe,  upon  many  of  the  best  minds  o: 
these  da}'s.  They  watch  what  they  conceive  to  Ije  t!:| 
progress  of  materialism,  in  such  fear  and  powerless  aii^'e 
as  a  sa\age  feels,  when,  during  an  eclipse,  the  giv.' 
shadow  creeps  over  the  lace  of  the  sun.  The  advaiKiii;| 
tide  of  matter  threatens  to  drown  their  souls  :  the  ti'i' 
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eniu"'  {iy'^^\>  of  1'^^^  impedes  tlu-ir  freedom ;  tliey  arc 
al;H"nird  lest  man's  moral  nature  be  deljased  by  the 
[increiise  uf  liis  wisdom. 

If  the  "New  rhnoso})hy"  be  wortliy  of  tlie  repro- 
Ibatioii  with  wliieh  it  is  visited,  I  confess  their  fears  seem 
to  lue  to  be  well  founded.  While,  on  the  eonti'ary, 
ceiiltl  David  Hume  Ije  consulted,  I  think  he  would  smile 
at  their  perplexities,  and  chide  them  for  doing  even  as 
tli<'  heathen,  and  falling  dow^n  in  terror  before  the 
Ihideous  id(^ls  their  own  hands  have  raised. 

For,  after  all,  what  do  we  know  of  this  terril)le 
I"  matter,"  except  as  a  name  for  the  unknown  and  hypo- 
jthotieal  cause  of  states  of  our  own  consciousness  ?  And 
Iwliat  do  we  know  of  that  "  spirit "  over  whose  threatened 
extinction  by  matter  a  great  lamentation  is  arising,  like 
Itliat  which  was  heard  at  the  death  of  Pan,  except  that 
[it  is  also  a  name  for  an  unknown  and  hypothetical  cause, 
[or  condition,  of  states  of  consciousness  ?  In  other  words, 
Blatter  and  spirit  are  but  names  for  the  imaginary  sub- 
[strata  of  groups  of  natural  phoenomena. 

And  what  is  the  dire  necessity  and  "  iron  "  law  under 

Jwliich  men  groan  ?     Truly,  most  gratuitously  invented 

[bugbears.     I  suppose  if  there  be  an   "iron"  law,  it  is 

Itliat  of  gravitation ;  and  if  there  be  a  })hysical  necessity, 

it  is  that  a  stone,  unsupported,  must  fall  to  the  ground. 

But  what  is  all  we  really  know  and  can  know  about  the 

latter  ])h[Bnomenon  ?     Simply,  that,  in   all  human   ex- 

Iperience,  stones  have  fallen  to  the  ground  under  these 

Icunditions ;  that  we  have  not  the   smallest  reason  for 

believing  that  any  stone  so  circumstanced  will  not  fall 

[to  the  ground  ;  and  that  Ave  have,  on  the  contrary,  every 

[reason  to  believe  that  it  will  so  ftxll.     It  is  very  con- 

jvenient  to  indicate  that  all  the  conditions  of  belief  have 

[been  fulfilled  in  this  case,  by  calling  the  statement  that 

[iinsup})orted  stones  will  fall  to  the  ground,  "  a  law  of 
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natuiv."  But  ^vlloll,  as  commonly  li{ip])cns,  we  cliiinfr,, 
ivlll  into  ')iinst,  WW  introduce!  an  idea  of  necessity  mIiiiI, 
most  assui'cdly  does  not  lie  in  the  {)l)served  facts,  inul 
has  no  warranty  that  I  can  discover  elsewhere.  .For  my 
])art,  T  utterly  repudiate  and  anathematize  the  iiilrudit 
Fact  I  know  ;  and  Law  I  know ;  but  what  is  this  ^'^ 
cessity,    save    an    empty    shadow    of   my   own    mind's 


throwing  "^ 


P)Ut,  if  it  is  certain  that  we  can  have  no  knowlcdir, 
of  the  nature  of  either  matter  or  spirit,  and  that  tli 
notion  of  necessity  is  something  illegitimately  tlini>t 
into  the  perfectly  legitimate  conception  of  law,  tL 
materialistic  position  that  there  is  nothing  in  the  woiil 
but  matter,  force,  and  necessity,  is  as  utterly  devoid  of 
justification  as  the  most  baseless  of  theological  dogmas. 
The  fundamental  doctrines  of  materialism,  like  those  nf 
spiritualism,  and  most  other  "isms,''  lie  outside  "the 
limits  of  philosophical  inquiry,"  and  David  Hume's  gn  at 
service  to  humanity  is  his  irrefragable  demonstration  of 
Avhat  these  limits  arc.  Hume  called  himself  a  sceptic, 
and  therefore  others  cannot  be  blamed  if  they  apply  tlie 
same  title  to  him ;  but  that  does  not  alter  the  fiict  that 
the  name,  with  its  existing  implications,  does  him  gross 
injustice. 

If  ii  man  asks  me  Avhat  the  politics  of  the  inhabitants 
of  the  moon  are,  and  I  reply  that  I  do  not  know  ;  that 
neither  I,  nor  any  one  else,  have  any  means  of  knowing; 
and  that,  under  these  circumstances,  I  decline  to  tronUe 
myself  a1x)ut  the  suljject  at  all,  I  do  not  think  he  lias 
any  rig] it  to  call  me  a  sceptic.  On  the  contrary,  in  re- 
plying thus,  I  conceive  that  I  am  simply  honest  {uul 
truthful,  and  show  a  proper  regard  for  the  economy  of 
time.  So  Hume's  strong  and  subtle  intellect  takes  up 
a  great  many  problems  about  which  we  are  naturally 
curious,  and  hhows  us  that  they  are  essentially  cpiestioii; 
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of  lunar  politics,  in  tlicir  (.'sscupo  incnpaMo  of  luMiig 
jiiiswcml,  Mild  tlicrcforc  not  worth  the  attention  of  men 
who  have  work  to  do  in  th<'  worhl.  And  he  thus  ends 
one  of  Ills  essays  : — 

*'  If  wo  take  in  liiind  any  volume  of  ])ivinity,  or  school  luctapliysios, 
for  instance,  Ir!  n-i  risk,  iJoix  if  cott/aitt  aiii/ahsfrtui  reasmiiti;/  ciiiri  ntin;/ 
niKiiifif//  or  iiKDihcr  1  No.  1)(H'>^  It  c<)iif((iii  an// e.r/iirl//icti/i(/  rKixonltig 
(•■nirrfiiln;/  iH'i/fcr  of  fxi'l  ((»<f  t .r/'sfi //('<'  /  Xo.  Coiinuit  it  tlii'ii  to  the 
llaiiics ;  for  it  can  contain  nothing  Ijut  sopliistry  and  illusion. "i 

Pei'init  mo  to  enforce  tliis  most  wise  advice.  Why 
tiouhle  ourselves  about  matters  uf  Avhicli,  however  im- 
jiortaiit  they  may  l)e,  wc  do  know  nothini^,  and  can 
know  nothing?  We  live  in  a  world  whicli  is  lull  of 
luisery  and  ignorance,  and  tlu^  i)lain  duty  of  each  and 
all  of  us  is  to  try  to  nuike  the  little  corner  he  can  in- 
fiuoncc  somewhat  less  miserahlc  and  somewhat  less 
ioiinrant  than  it  was  before  he  entered  it.  To  do  this 
etlcctually  it  is  necessary  to  be  fully  possessed  of  only 
two  beliefs:  the  first,  that  the  order  of  nature  is  aseer- 
taiii!il)le  l)y  onr  faculties  to  an  extent  which  is  practically 
iinliinited  ;  the  second,  that  our  volition  counts  for  some- 
tliiiit!:  as  a  condition  of  the  course  of  events. 

Each  of  these  beliefs  can  be  verified  experimentally, 
as  often  as  we  like  to  try.  Each,  therefore,  stands  u})on 
the  strongest  foundation  upon  which  any  belief  can  rest, 
laud  forms  one  of  our  hioiiest  truths.  If  we  find  that 
ftlie  ascertainment  of  the  order  of  nature  is  facilitated 
I  hy  using  one  terminology,  or  one  set  of  symbols,  rather 
ftlian  another,  it  is  our  (dear  duty  to  use  the  former  ;  and 
no  harm  can  accrue,  so  lono-  as  we  bear  in  mind,  that  we 
I  a  re  dealing  merely  with  terms  and  syml)ols. 
1     In  itself  it   is   of  little  moment  wdiether  we   express 

f  the  phasnomena  of   matter  in  terms   of   spirit ;   or  the 

^f 

§^  Hume's  Essay  "Of  the  Academical  or  Sceptical  Philosophy,"  in  the 
"  Inquiry  concenung  the  Human  Understanding." 
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pluunomniKi.  of  spirit,  in  terms  of  matter:   m.ittor  ni;iv| 
1)0  rcg.'irdiMl  as  ii  loriu  of  tlioiiglit,  tlioii^L-lit   may  lie  i'. 
gardcil  as  a   pn^jx-rty  <>f  matter — each  slatemcnt  \^■^,  I 
certain  relative  truth.      lUit  with  a  view  to  tlie  nro-ii,,, 
of  scienee,  tlie  materialistic  terminology  is  ni  every  wv, 
to  1)0  ])referre(l.      For  it  eonneets  thoii^n'ht  with  the  ot!|.:| 
])haMiomona  of  the  universe,  and  sn,ii'i;'ests  in([uiiy  ii, 
the  naturo  of  those  ])hysieal  conditions,  or  concoinitiin'l 
of  thought,  which  are  more  or  less  aocessil»l(^  to  us,  m 
a  kno\vled<ife  of  which  may,  in  future,  hel])  us  to  exciv'.v 
the  samo  kind  of  control  over  the  world  of  thought, ., 
wo  already   possess    in   respect  of   the    uiatci-inl  woii'i 
Avliereas,  the  alternative,  or  sj)iritualistic,  terniinolofrv  ij 
utterly  harivn,  and  loads  to  nothing  but  obscm-ity  nii  I 
confusion  of  ideas. 

Tlius  there  can  bo  little  doubt,  that  the  further  simcih 
advances,  the  more  extensively  and  consist(>ntly  will ;;:| 
the  pluvnomona  of  naturo  bo  represented  by  materiulisti 
formula3  and  sj'mbols. 

But  the  man  of  science,  who,  forgetting  tlio  limits  o: 
philoso])hical  inquiry,  slides  from  these  formuho  anil 
symbols  into  what  is  commonly  understood  by  mat' 
I'ialism,  seems  to  mo  to  i)laco  liimself  on  a  level  ui[':.| 
the  mathematician,  who  should  mistake  the  a''s  and  / 
with  which  ho  works  his  pr()l)lems,  for  real  entities— a 
with  this  further  disadvantage,  as  com[)ared  Avitli  i 
mathematician,  that  the  blunders  of  the  latter  are  o!| 
no  2:)ractical  consequence,  while  the  orroi's  of  S3'steiiia!i' 
materialism  may  })ai"alysc  the  energies  and  desti'oy  l! 
beautv  of  a  life. 


VKL 


THE  SCIENTIFIC  ASrECTS   OF    roSlTlVlSM. 

It  is  now  some  sixteen  or  soveiiteeii  yenrs  winec!  1  l)eeamo 

Liuaiiited   witli   tlie  '' l*liil()S(>[)lii('    I'ositivi^"  tlie   "  Dis- 

loiirs  sur  rKiiscinljle  dii  Positivisme,"  miuI  tlie  "Politique 

positive"  of  Aiiguste  (\)inte.     1  wjis  led  to  study  these 

rerks   paitly   l»y  the   allusions  to   them   in    JMr.    Mill's 

],(.i;i(',"    partly    by    the    recommen(hition    of    a    dis- 

jniiiiislr.'d  theologian,  and  ])ai'tly  by  the  urgency  of  a 

(aliu'd  friend,  the  late   Professor  Henfny,  who  looked 

Ipoii  M.  (V)nitc's  bulky  volumes  as  ji  mine  of  wisdom, 

1(1  lent  them   to  me  that   I  might    dig  and  be   rich. 

iftcr  due  perusal,  1  found  myself  in  a  position  to  cch>. 

ly  friend's  words,  though  I  may  have  laid  more  stress 

llie  "mine"  than  on  the  "wisdom."     For  I  found 

le  veins  of  ore  few  and  far  between,  and  the  rock  so 

^)t  to  run  to  mud,  that  one  incurred  the  risk  of  being 

itcllectually   smotherc^l   in   the    working.      Still,   as    I 

ks  glad  to  acknowledge,  1  did  come  to  a  nugget  here 

id  there  ;  though  not,  so  far  as  my  experience  went, 

the  discussions   on    the  })liilosophy  of   the  physical 

jiences,  but  in  the  chapters  on  speculative  and  jn'actical 

kiology.     In  these  there  was  indeed  much  to  arouse 

ic  liveliest  interest  in  one  wliosc  boat  had  broken  away 

Jom  the  old  moorino^s,  and  who  had  been  content  "  to 

jy  out  an  anchor  by  the  stern"  until  daylight  should 
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break  and  the  fog  clear.  Nothing  coiihl  he  more  inttt,] 
esting  to  a  student  of  biology  than  to  sec  tlic  stnii, 
of  the  bi(jlogical  sciences  hud  down,  as  an  essential  viiij'i 
of  the  piolegomena  of  a  new  view  of  social  phcTenomcn 
Nothing  could  be  more  satisfactory  to  a  worshipper  ,j 
the  severe  truthfulness  of  science  than  the  atteiiijit  i 
dispense  with  all  Ixiliefs,  save  such  as  could  bravi' 
light,  and  seek,  rather  than  fear,  criticism  ;  while,  tn  J 
lover  of  courage  and  outspokenness,  nothing  could  J 
more  toucJiing  than  the  placid  announcement  on  tl[ 
title-})age  of  the  "Discours  sur  TEnsemble  du  ?o>;:! 
visme,"  that  its  author  proposed 

"  lit'organiser,  sans  Dieu  ni  roi, 
Par  le  culte  systeinatiquc  du  I'lIunianitL'," 

the  shattered  friane  of  modern  society. 

In  those  days  I  knew  my  "  l^^iust "  pretty  well,  auj 
after   readino;   tliis   word  of  mioht,   I   was   minded 
chant  the  well-known  stanzas  of  the  "  Geistcrchor"— 
"^Vell!   AVeh! 

Die  scliune  welt. 

Sic  stiirzt,  sie  zerfiillt 

AVir  tragen 

Die  Triinimern  ins  Niclits  hiniiber. 

JMiit'htii^er 

Der  Ki'densulme, 

Pi'iicli  tiger, 

liaue  sie  wieder 

In  deineni  liusen  Laue  sie  auf." 

Great,  however,  was   my  perplexity,  not  to  say  disal 
pointment,  as  I  followed  the  progress  of  this  ''mirf 
son    of    earth "    in   his    work    of    reconstruction.     \% 
doubtcdly    "  Dieu "    disa|)peared,    but    the    "  Noird 
Grand-Etre  Su[)reme,"  a  gigantic  fetish,  turncil  out  IiklI 
new  by  M.   Comte's  own  hands,  reigned   in  his  stej 
"  Eoi "  also  was  not  heard  of ;  but,  in  his  place,  I  foiiij 
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niiiiutcly-clt'fincd  social  organization,  wliicli,  if  it  over 
lame  i?ito  practice,  winilil  exert  a  (l(^spotic  autliority 
L'h  iis  110  sultan  has  rivalled,  and  no  Puritan  ])resbytery, 
h  its  palmiest  days,  could  bo])e  to  excel.  AViiilc,  as  for 
[he  '•  culte  svstematifpic  do  riFunianire,"  I,  in  niy  blind- 
\{^:^^,  could  not  distiiiguisli  it  from  sheer  Pojx'ry,  with 
\\.  Coiiitc  in  the  chair  of  St.  Peter,  and  the  names  of 

lost  (»r  the  saints  chaiio'ed.     To  rpiote  "Faust"  again, 

found  myself  saying  with  Oretchen, — 

"Tngefiilir  sagt  das  der  Prarver  audi 
Xur  init  uiu  bist-hen  aiulei'ii  AVortcii." 

Iviu'litly  or  wrongly,  this  was  the  impression  wliieh,  all 
.ios('  vears  ago,  the  study  of  M.  Comte's  works  left  on 
ly  uuikI,  c()inl)iue<l  with,  the  conviction,  which  I  shall 
Iwavs  l>e  tiianl-:ful  to  him  lor  awakening  in  me,  that 
re  organization  of  society  nj)on  a  new  and  purely 
[jiciititic  hasis  is  not  only  practicahlc.  Imt  is  the  only 
)lirical  ohject  much  worth  fighting  for. 

As  I   have    said,  tliat   part   of    Isl.   C'omte's    writings 
fhicli   deals    with    the    philosophy   of    ])hysical    science 
3}»cared  to  me  to  possess   singularly  little   value,  and 

sIkav  that  he  had  l)ut  the  most  superficial,  and  merely 
seoiid-haiul,  knowledge  of  most  branches  of  what  is 
siially  understood  by  science.  I  do  not  mean  by  this 
kerclv  to  sav  that  CV)mte  was  behind  onr  i)resent  know- 
[dge,  or  that  he  was  nnacqnainted  with  the  d<'tails  of 
]e  scieuci^  of  his  own  day.  No  one  could  justly  make 
Icli  defects  cause  of  com]daint  in  a  philosophical  writer 
[  the  ])ast  generation.  What  stru(dv  me  was  his  want  of 
bpreheii.sion  of  the  oreat  features  of  science  ;  his  strange 
listakes  as  to  the  merit?^  of  his  scientific  contemporaries; 

^d  Ids  ludicrously  erroneous  notions  about  the;  part  which 

10  of  the  scientific  doctrines  current  in  his  time  were 

btiiied  to  play  in  the  future.     Y\^ith  these  impressions 
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in  my  mind,  no  one  will  ])c  surprised  if  I  ackiiowlri],, 
that,  for  these  sixteen  years,  it  has  been  a  piiioilii' 
source  of  irritation  to  me  to  find  ^1.  Comte  put  forwat 
as  a  representative  of  seientifie  thoi'ght ;  and  to  (jUswy. 
that  writers  wliose  philosophy  had  its  legitimate  paivi; 
in  Hume,  or  in  themselves,  were  labelled  "  Comti,st.s"fJ 
'•' Positivists "  by  public  writers,  even  in  spite  of  vtli.. 
ment  protests  to  the  eonti'ary.  It  has  cost  ^Fi'.  \ 
hard  rubbings  to  get  that  label  off ;  aud  1  wat(!h  )1; 
Spencer,  as  one  regards  a  good  man  struggling  ^vjtl 
adversity,  still  engaged  in  eluding  its  adhesiveness,  an 
ready  to  tear  away  skin  and  all,  i-ather  than  let  it  .stif't 
My  own  turn  might  come  next ;  and,  therefore,  wli,; 
an  eminent  prelate  the  otlui-  day  gave  currency  ai 
authority  to  the  ])opular  confusion,  I  took  an  op|iH;.| 
tunity  of  ineidentally  revindicating  Hume's  property; 
the  so-called  '' A'^ew  Philosophy, '^  and,  at  the  same  tin, 
of  repudiating  Comtism  on  my  own  ItehaltV 
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^  I  am  gliitl  to  observe  tliiit  ]Mr.  Conf,freve,  in  the  ciiticism  Avitli  wliielij 
has  favoured  me  hi  the  number  of  the  Foiini'jJithf  lii'viciv  for  April  1,m;!),i!, 
not  venture  to  ehuUenue  the  justice  of  the  elaim  1  make  for  Hume.     Hcmiit;| 
su.u'gests  that  I  have  1  ecu  waiitin,;^-  in  candour  in  not  mentioning  Coiute'd 
opinion  of  Hume.     After  mature  reHection  I  am  unable  to  discern  my  f; 
If  I  had  suggested  that  Comte  had  borrowed  from  Hume  without  aoknowlh:.] 
ment;  or  if,  instead  of  trying  to  express  my  own  sense  of  Hume's  ineiitsw:! 
the  modesty  which  becomes  a  writer  who  has  no  authority  in  matters  of  p 
sophy,  I  had  altirmed  that  no  one  had  properly  appreciated  him,  jMr.C  'onmtvtj 
remarks  would  apply:  but  as  I  did  neither  of  these  things,  they  iippKir;! 
me  to  be  irrelevant,  if  not  uujustifiable.     And  even  had  it  occnrrcd  to  me; 
quote  jVr.  Comte's  expressions  about  Hume,  I  do  not  know  that  I  should  !» 
cited  them,  inasmuch  as,  on  his  own  showing,  i\I.  Oomte  occasionally  speil 
very  decidedly  touching  writers  of  whose  works  he  has  not  read  a  line.  Tb 
in  Tome  VL  of  the  "Philosophic  t'ositive,"  p.  Gli),  M.  Comte  writes ;"Ll 
plus  grand  des  metaphysiciens  modernes,  I'illustre  Kant,  a  noblenient  nuf:| 
une  eternelle  atlmiration  en  tentant,  le  premier,  d'echapper  directeiuen! 
I'absolu  philasophif|ue  par  sa  celel)re  conception  de  la  double  rcalite.a. 
fois  objective  et  subjective,  qui  indique  un  si  juste  sentiment  dc  la  m 
philosophic." 

But  in  the  "  Preface  Personnelle"  in  the  same  volume,  p.  35,  M.  Comte  tf;l 
us  ; — "  Je  n'ai  jamais  In,  en  aucune  langue,  ni  Vice,  ni  Kant,  ni  HenkJ 
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The  few  lines  devoted  to  Comtism  in  my  pai)er  on  the 
h  Plivsical  Basis  of  Life "  were,  in  intention,  strietly 
himited  to  these  two  purposes.  J)iit  they  seem  to  have 
jmven  more  underage  than  I  intended  they  shouhl,  to  the 
Ifoliowei's  of  ^I.  Comte  in  this  country,  for  some  of  whom, 
llet  me  ol)serve  in  passhig,  I  entertain  a  most  unfeigned 
[rospcct ;  and  ]Mr.  Congreve's  recent  article  gives  expres- 
Isiou  to  the  displeasure  which  I  Iiave  excited  among  the 
Imembcrs  of  the  Comtian  body. 

^[r.  Congreve,  in  a  peroration  which  seems  especially 
'intruded  to  catch  the  attention  of  his  readers,  indig- 
Inantly  challenges  mc  to  admire  AF.  Comte's  life,  "  to 
Idcny  that  it  has  a  marked  character  of  grandeur  about 
lit ; "  and  he  uses  some  very  strong  language  because  I 
Isliow  no  sign  of  veneration  for  his  idol.  I  confess  I  do 
jnot  care  to  occupy  myself  with  the  denigration  of  a  man 
Kvho,  on  the  whole,  deserves  to  be  spoken  of  with  respect. 
Therefore,  I  shall  enter  into  no  statement  of  the  reasons 
wliicli  lead  me  unhesitatingly  to  accept  j\[r.  Congreve's 
challenge,  and  to  refuse  to  recognise  anything  which  de- 
serves the  name  of  grandeur  of  character  in  ]\L  Comte, 
unless  it  be  his  arrogance,  which  is  undouljtedly  sublime. 
All  I  have  to  observe  is,  that  if  Mr.  Congreve  is  justified 
in  saying  that  I  speak  with  a  tinge  of  contempt  for  his 
spiritual  father,  the  reason  for  such  colouring  of  my 
language  is  to  be  found  in  the  foct,  that,  Avhen  I  wrote, 
I  had  but  just  arisen  from  the  perusal  of  a  work  with 
which  he  is  doubtless  well  acquainted,  M.  Littre's 
["Auguste  Comte  et  la  Philosophic  Positive." 

Though  there  are  tolerably  fixed  standards  of  right 
land  wrong,  and   even  of  generosity  and  meanness,   it 

Hegel,  &c.  ;  je  ne  eonnais  leiirs  divers  ouvrages  que  d'apres  quolques  relations 
[indirectes  et  certains  extraits  fort  insuffisants." 

Who  knows  but  that  the  "&c."  may  include  Hume?    And  in  that  case 
I  what  is  the  value  of  M.  Comte's  praise  of  him  I 
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may  be  said  that  the  beauty,  or  grandeur,  of  a  life  i- 
more  or  les.s  a  matter  of  taste ;  and  JMr.  Coiigrt.vi . 
notions  of  literary  excellence  are  so  difi'erent  from  mii,, 
that,  it  may  be,  we  should  diverge  as  Avidely  in  m;- 
judgment  of  moral  beauty  or  ugliness.  Tlierefore,  wlij:,. 
retaining  my  own  notions,  1  do  not  presume  to  (jiianv 
with  his.  But  when  j\Ir.  (V)ngreve  devotes  a  great  (jiai 
of  lal)oriously  guarded  insinuation  to  the  ench-avoiu'  t,, 
lead  the  public  to  believe  that  I  have  l)een  guilty  of  4 
dishonesty  of  having  criticised  Comte  without  luiviiv. 
read  him,  I  must  be  permitted  to  remind  him  that  li; 
has  negl(icted  the  well-known  maxim  of  a  diplomat; 
sage,  "'  If  you  want  to  damage  a  man,  you  should  u\ 
what  is  probable,  as  well  as  what  is  true.'' 

And  A\'hen  Mr.  Congrevc  s})eaks  of  my  having  an  ail- 
vantage  over  him  in  my  introduction  of  "  C'hiistianitv 
into  the  phrase  that  "  JM.  Comte's  philosophy,  in  praetiie. 
might  be  described  as  C^atholicism  miiuis  Christianity; 
intendino-  thereby  to  suoo-est  that  I  have,  bv  so  doiii" 
desired  to  profit  by  an  ap})eal  to  the  oJium  thcolofjicu. 
— he  lays  himself  open  to  a  very  unpleasant  retort. 

AVhat  if  1  were  to  suo^o-est  that  j\lr.  Cono;reve  had  not 
read  Comte's  Avorks  ;  and  that  the  phrase  "  the  contw; 
sliOAvs  that  the  view  of  the  A\'riter  rano-os — howcvir 
superficially — over  the  whole  works.  This  is  obvioii; 
from  the  mention  of  Catholicism,"  demonstrates  tli;i; 
Mr.  Congreve  has  no  acquaintance  Avith  the"  rhilosu|)liii 
PositiA^e  '  ?  I  think  the  suggestion  Avould  be  A'ory  unjii>i 
and  unmannerly,  and  I  shall  not  make  it.  J^)Ut  the  f;ii;: 
remains,  that  this  little  epigram  of  mine,  Avhicli  has  .<" 
greatly  provoked  Mr.  Congreve,  is  neither  more  nor  k 
than  a  condensed  paraphrase  of  the  following  jiassage, 
which  is  to  be  found  at  page  1344  of  the  fifth  A^olumeu: 
the  "  Philosophic  Positive  : "  ^ — 

^  Now  and  always  I  quote  the  second  edition,  by  Littr(^\ 
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"La  seulc  solution  possiLlo  do  co  ^fraud  proLlriue  liistori(iuo,  qui  ii'a 
liainai-s  pu  ctrc  philosopliiqiiemeiit  pos('  jus(|u'ici,  consists  ii  cmiccvoir, 

eii  sens  radicalcment  iiivcrso  des  notions  habituullos,  <im'  cc  t/i'l  </<  tudt 
Inciri'SaifJiti'iit  pcrt'r  diiisl,  dans  le  iutfli'ihcisinc^  cibdl  hi  ilncfrii/c,  it  iiou 
\lin-q(tith<nli'>u,  ([ui  n'a  t'tr  passagrrement  ruini'o  ([uo  par  suitu  de  son 

iiirvitabli!  adlirrenco  ulumontairo  a  la  philosophic  tliuoloi;i([U(',  deslinoe 
k  .-iiccoiubc'i'  gradiu'llcnient  sous  riin'sistiblc  ('iiianci])ation  ih;  la  raison 
Ihuni.iiue  •  t<iiiili^  qii  n)\e  t'Uc  coiisdfiiiiou^  coinu'iiiiltlciiti'iif  recoits/rti/fe 
Isiir  (l>'!<  /''W"A'  iiihlli-ctndlcx  (t  la  Jois  phix  cti'iidiii's  el  iil'"^  ■''I'llih s,  dei'va 

Xii'ihniiciit  pi'i'sidcv  ti  riiidixprn^(d)le  rc(ir(/(fi/it<a(i())i  sfinif/n'//e  des 
r«or/tVAv  7)r<>i/( /•//('■•<,  sitnf  lex  (hj/crc//C('s  csxeiiticUex  ttpoHtidiciiunt  '-onrs- 
ipn/iifaidi's  a  I  extreme  d/t'ctyite  drs  doct/fi/i's  /'oi/dni/trnt'dcs ;  li  moins 
Idc  supitoser,  co  ([ui  serait  certainonient  contiadictoii'o  a  rcnscnddu  dos 
jlois  do  iioti'e  natiiro,  quo  1"S  imiiienscs  cilbrts  do  tant  do  grands 
Ihoiuint's,  seoondi's  })ar  la,  pi'i'scvi'mnte  sollicitude  des  nations  civilisc-es, 
Idaiis  )a  ibiidatiou  srcuLure  de  co  cliof-du'uvi'o  politiquo  d(i  la  sagosse 
[humaiiK;,  doivoiit  otro  eidiu  ii'n'vocaljk'niont  pcrdus  pour  rdite  do 
Iriiuinaiiih'  saut'  los  ri'sultats,  oapitaux  niais  i)rovisoiros,  (pd  s'y  ra[)- 
Ipoitiiiciit  iniiiii'diatomont.  Cotto  ox))lioation  g(''n('rale,  di'Ja  ('■vidcni- 
fnicut  iiiotiv(''o  par  la  suito  dos  consiilorations   })roi)ros   a  oo  cliapitro, 

sola  do  I'liis  on  ])lus  coiilirnit'o  par  tout  lo  rosto  do   not  re  opiMation 

iistiirii|ue,  dont  c/h^  c/umtttnera   spontiiiii'hieid  la  pi'iuclpidc  coiichistini 

qxilih'jUC. 

X( (thing  ran  1)C  clearer.  CVjmtc'.s  ideal,  as  stated  i)y 
[liiiiiscir,  is  (^atliolic  organization  witliont   (^atlioUe  doc- 

fciiiic,  or,  ill  otliCL'  words,  Catli(dieism  minus  Christianity. 
|Sur(dy  it  is  nttei'ly  unjustifial)le  to    aserilje  to  nie  Itase 

iiotivcs  for  stating  a  mans  doctrines,  as  nearly  as  may 
Ibc,  in  his  own  words  ! 

.My  readers  wonld  liardly  be  interested  were  I  to  f(jllow 

dr.  Congreve  any  further,  or  I  might  point  out  that  the 
fact  of  his  not  having  heard  me  lecture  is  hardly  a  safe 

fmund  for  his  speculations  as  to  what  1  do  not  teach. 
psor  do  1  f('el  called   upon   to  give  any  o])inion  as  to 

vl.   Conite's   merits   or    demerits   as   regards    sociology. 

\lr.  .Mill  (whose  competence  to  speak  on  these  matters 
sui)pose  ^^'ill  not  be  (juestioned,  even  by  Mr.  Congrevc) 

las  dealt  with  M.  Comtc's  philosophy  from  this  point  of 

new,  with  a  vigour  and  authority  to  which  I  cainiot  for 


1  I 


1 


I 


H 


u 
>) 


'  I', 


J 

■I. 

.  -  'i! 

^1: 

:•>] 

154 


LAY  SERMONS,  ADDRESSES,  AND  REVIEWS, 


[vii:. 


ni! 


E  ■,  I  ■% 


'    I 


a  moment  aspii-c ;  ami  with  a  severity,  not  iinfrequfntlv 
amounting  to  contempt,  wliicli  1  liave  not  (he  wisli,  if  j 
had  the  power,  to  sin'[)ass.     1,  a.s  a  mere  stu(huit  in  tins] 
questions,  am  content  to   al)i(le  l^y  ^Fi'.  .^[ill's  jiid'nuiiifj 
until  some  one  shows  cause  for  its  reversal,  and  I  dcclin, 
to  enter  into  a  discussion  which  1  have  not  provoked. 

The  si)le  obligation  which  lies  u[)on  me  is  to  justifv>h 
mu(di  as  still  remains  without  jnstilication  (jf  what  I 
have  written  resjjecting  Positivism — namely,  the  (jpiuini, 
expressed  in  the  following  paragrapli : — 

"  111  so  far  as  my  study  of  wliat  specially  characterises  the  Positb 
l'*liilosoi)liy  has  led  me,  1  find  therein  little  or  nothiiiL;  of  any  sciontiri;! 
value,  and  a  ,u;reat  d(!al  which  is  as  thoroui^hly  antagonistic  to  thevirrl 
essence  of  science  as  anything,'  in  ultramontane  Catholicism." 

Here  \\\\\  two  ])ropositi(jns  :  the  first,  that  tlie  "  PJii. 
loso[)hie  Positive  "'  contains  little  or  nothing  of  any 
scientific  value  ;  the  second,  that  Comtism  is,  in  spiiit. 
anti-scientitic.  I  shall  endeavour 'to  bring  forward  ainjii 
evidence  in  sup])ort  of  both. 

I.  No  one  who  possesses  even  a  superficial  arMjuaiiiil 
ance  witii  physical  science  can  read  0(3mte's  "  Ticeons 
without  l)ecomino'  aware  that  he  Avas  at  once  sinoulark 
devoid  of  I'cal  knowledge  on  these  subjects,  and  siii:;ii 
larly  unlmdvy.     What  is  to  be  thought  oi  the  coiitciiii 
porary   of    Young   and   of   Fresnel,  who   never    iiiiv^ 
an    02)portunity  of  casting   scorn  upon   the   hypotlie>i;| 
of  an    etlier — the   fundamental   basis   nijt   only   of  tk 
undulatory   theory   of  light,    but    of  so    mu(di   else  iiil 
modern  physics — and  whose  contempt  for  the  intclkitl 
of  some  of  the  stroncjest  men  of  his  wneration  was  siul 
that  he  puts  f(,»rwa]'d  the  mere  existence  of  night  a>i; 
refutation  of   the   undulatory   theory  \  ^     What  a  wib 
derful  gauge  of  his  own  value  as  a  scientific  critic  (loftj 
he  afford,  by  Avhom  we  are  informed  that  phrenology  1 1 

1  "  Philosophie  Positive,"  ii.  p.  440. 
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ji  fqvat  scionco,  mikI  psycli(>looy  a  cliinifrra  ;  tlmt  (UxW 
wa"  oiir  of  the  giviit  men  of  his  ngo,  and  that  (^iivicr 
w;is  '' hrilliaiit  hut  siiporlicial "  I  ^  How  unlucky  niunt 
one  ('(Uisi(h'r  tlic  l)ol(l  s[)eculat()i'  who,  just  Ix'fui'o  the 
(lawn  i»f  inodcni  histology-  which  is  simply  the  appli- 
ciitjon  of  the  mi<'ros('o[tc  U)  anatomy — reproves  what  he 
calls  "the  abuse  of  niicrosco])ic  investigations,"  and  "the 
cxiiuu'ci'ated  cre(lit"  attached  to  them  ;  who,  when  the 
in(>r]»hologicaI  unifornuty  of  the  ti.-?sues  of  the  great 
majority  of  ])lants  and  animals  was  on  the  ev(^  of  being 
(jcmoiisti'atetl,  treated  with  ridicule  those  who  attempt 
to  refer  all  tissues  to  a  "  lissu  general eur,"  formed  by 
''  Ic  chinieriquc  et  in  intelligible  assemblage  d'une  sorte 
(Ic  luonades  organi(pies,  qui  sei'aient  dos  lors  les  vrais 
elements  j)i'imor(liaux  <le.  tout  corps  vivant;""-^  and  who 
iiiially  tells  us,  that  all  the  obj,,  tions  against  a,  linear 
arrangement  of  the  s[HM'ies  of  living  beings  are  in  their 
ossenct!  foolish,  and  that  the  order  of  the  animal  series  is 
"  necessarily  linear,"'^  when  the  exact  contrary  is  one  of 
the  best-established  and  the  inost  important  truths  of 
zoology.  Appeal  to  mathematicians,  astronomers,  physi- 
cists,^ chemists,  biologists,  about  the  "  IMulosophie  Posi- 
tive," and  they  all,  with  one  consent,  l)egin  to  nnikc 
protestation  that,  whatever  JM.  Comtc's  other  merits,  he 
lias  shed  no  light  upon  the  philosophy  of  their  particular 
studies. 

To  be  just,  however,  it  must  be  admitted  that  even 
^1.  Comte's  most  ardent  disci] )les  arc  content  to  1)C 
judiciously  silent  about  his  knowledge  or  appreciation  of 

^  "  Lc  brillimt  innis  superficicl  Cuvier," — Philomphli'  Positive,  vi.  p.  3s;}. 

2  "  Hiilosdpliio  Positive,"  iii.  p.  :}()!J.  ^  Ibi<l.  p.  oS7. 

'  Ilcir  the  l.itc  Dr.  Wlicwell,  who  calls  C'ointc  '*  u  slmlhjw  pretender,"  so 
f;ir  its  all  the  modern  seieiiees,  except  astronomy,  are  concerned  ;  and  tells  us 
tliat  "his  pretensions  to  discoveries  are,  as  >Sir  John  Herschel  has  shown, 
absurdly  fallacious."—"  Conite  and  Positivism,"  Maanillau's  Maodxine, 
March  18()(j. 
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tlio  .sciences  tliomsclvcs,  and  prefer  to  l)ase  tlieir  iniistcN 
claims  to  scientific  authority  n|)on  liis  "  law  of  tl 
three  states,"  and  liis  "  classification  of  the  'ciho; 
J>ut  here,  also,  1  must  join  issue  with  them  as  co,  i[)li.'t(.!v 
as  others — notably  .\lr.  Ilcrijcrt  S[)encer — h--  e  dini,. 
l)efore  me.  A  critical  exaniinati(jn  of  what  A«  Con^, 
lias  to  say  about  tlie  "law  of  tlie  three  ^■♦atcs"  'n'iiiL^s  on; 
)!()thi*i"  !•  it  ji  S'-ries  of  more  or  less  contradictory  stati.'. 
mciil,',  ot  an  imperfectly  apprehended  truth;  and  his''clih. 
siru-;it]!!ji  of  the  sciences,"  whetlier  regarded  histuricallv 
or  jogicaJi^  .,  is,  in  my  judgment,  al)solutely  worthless. 

Let  us  consider  the  law  of  "  the  tlii'ee  states  '  a.s  i; 
is  ])ut  before  us  in  tlie  opening  of  the  lirst  Leeoii  ,; 
the  'Thilosophie  Positive:" — ^" 

"Ell  ('ludiant  aiiisi  Ic.  dt'viiloijpemeiit  total  do  riiitcHi^enco  lniin:iiiie 
dans  SI'S  divin-ses  splirres  d'activitt',  dcpuis  son  premier  ('&8ui' lo  }#  | 
siiii]-.le  j'us(|u'a,  nos  joiirs,  jo  crois  avoir  deeouvert  uno  fj ramie  iij 
t'oiidaineutale,  a  la<[uelle  il  est.  assiijelti  ]iar  une  lu'eessite  iiivariuljlc, it 
(pii  iiu;  seinlile  pouvoir  etrc  solideiiieut  utaLlie,  soit  sur  Ics  laeiivcjl 
ratioiH'Ues  i'ournies  par  la  coniuiissauce  de  noire  organisation,  soil  sur 
les  verilicalions  liistoriipies  H'sultant  d'uu  exanien  attentif  ilu  pasv, 
(,-etto  loi  consiste  en  ce  'jue  eiuuninu  de  nos  eonceptions  priiicipub, 
clia<[cie  branclie  de  nos  oonnaissances,  passe  snccessiveuient  jjar  tiuis 
elats  tli('Mii'i{[iies  dillerents  :  TeLat  theologi([ue,  ou  ficlif;  I'etit  imii- 
jjliysifpie,  oil  altstrait ;  IV'tat  seientiliiiue,  on  positit.  .En  (rautits 
ternies,  res[)rit  Immain,  par  sa  nature,  emj)loie  successivement  ilaDs 
cliacuno  de  ses  reclierclies  trois  nu'tliodes  de  philosopher,  dont  k 
cuvdcttrc  est  esscittli Ucjui'it  (.Jifh'viit  et  vu/ue  yidirdhiiwut  (»|i|iu,si: 
d'abord  la  niethode  theok)gi([iie,  ensuite  la  nietliode  incta})liysi([ut',  t' 
eniin  la  niethode  positis'e.  De  la,  trois  sortes  de  [diilosopliic,  ou  d*" 
systenies  geiieraux  de  conceptions  sur  I'enseniljle  des  phenouieiios  71/1 
s'ejvlueitt  midacllniieiit ;  la  premiere  est  le  ])oint  de  depart  necessaii'i'de 
I'intelligence  huniaine  ;  la  Iroisieine,  son  etat  lixe  et  delinitif  j  la  secoink 
est  uni(|uenient  destinee  ii  servir  do  transition."^ 

Nothing   can  be  more  precise  than  these  statement^ 
which  may  be  put  into  the  followdng  propositions  :- 
((()  The  human  intellect  is  sul>jected  to   the  law  k 

*  "  Philosophic  Positive,"  i.  pp.  8,  U. 
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[an  iiivni'i;il»I(    norcssity,  wliidi  is  (l('m()iistra1)l(\  a  pviori, 
fioiii    till'     ii.iturc    and    constitution    of     tlic    intellect; 
l-wliile,  a^'   ;i  niattev  of   liistoricul    fact,    the    human    in- 
|t('ll«'ct  has  ])een  subjected  to  tlie  laAV. 

(/>)  l^erv  hranc^i  of  human  knovdedL''e  -jtasses  through 
Itlic  tliree  states,  nccessai'ily  heg'inning  with  the  lirst 
Istii'j'e. 

((•)  Tlie   three   states  mutually  exclude    one  another, 

Ihcinn"  essentially  ditferent,  Jind  even  radi(.*ally  o])))osed. 

Two   (juestions    ])resent    tliemselves.       Is    .M.    Comte 

[consistent    with    himself    in    making    these    assertions? 

An<l    is   he    consistent    with    fact?       (     ^-'^^ily    to    both 

questions    in   the  negative;    and,    as    ive     ds    the   first, 

1   In-ing  forward    as  my   witness  a.  i«  .riaikable  passage 

hvliieh    is    to    be    found    in    the    fom't'^    volume    of  the 

r  riulosophie  Positive"   (p.   491),  v^heu  I\l.  Comte  had 

had  time  to  think  out,  a  little  mi-  iully,  the  notions 

[crudely  stated  in  the  first  volume  : — ■ 

"A  proprement  pavler,  la  philosopliie  tlu'()lo,i,n*(iiio,  niriuo  dans  notre 
Iprcinit'n'  ciifaiice,  iudividucllo-ou  sociale,  n'a  jamais  pu  Ctre  rigonrouse- 
IriL'tit  uiiiversi'lle,  c'est-a-dire  qu(i,  pour  lo.s  ordres  (|uelcoii([iie,s  de 
[plirnoiui'iies,  les  jaitx  les  plm^  si.mple><  et  fe.f  p/nt^  rommuiis  ont  to^ijonm 
We  rer/'irdcs  comme  ei^i^entieUemtni  (issujcffi's  a  (h-s  lots  unturellcs,  an  lieu 
mvtra  attriburs  a  l\irhltraire  volonU'  dcs  agoitx  nurnatiirels.  L'illustre 
JAdam  Sinitli  a,  par  exeiiiple,  trosdioureusoment  reniarqnc  dans  scs 
[essais  philosophiques,  (|u'ou  ne  trouvait,  en  aucuii  teni])S  ni  en  aucun 
[pays,  iin  dieu  pour  la  posanteur.  II  en  est  *(ii/si,  en  <icnrrid,  mnne  a 
U'ri/tird  ih's  s/iJctK  /('s  ])ln!i  conipliqneK^  eiivcrx  tons  les  plicnomencs  assez 
mvmentairi's  et  asset  faniHu-rs  /loar  (pw  hi  j^arfaite  invariahilite  de 
\knvs  relatlotis  efccfices  ait  tonjoiirs  Ja  fra})pi'i'  spohtauhaeut  Tohser- 
ymiexir  le  moii(s  prrpavr.  Dans  I'ljrdre  moral  et  soeinl,  ([u'une  vaine 
loppDsition  vondrait  aujourd'hui  systi'iuatiqtieinent  interdirc;  a  la  plii- 
llosopliic  positive,  il  y  a  eu  ni'cessairenient,  en  tout  teiiqis,  la  pf^isee 
ides  lois  naturelles,  relativmnent  aux  plus  simples  plu'nomriies  de  la 
[vio  journaliere,  eomme  I'exige  evidemmeut  la  conduite  j^i^uTale  do 
Inotie  existence  reelle,  individuelle  on  sociale,  <|ui  n'aurait  ]m  jamais 
Icomportor  aucune  prevoyance  queleonque,  si  tons  les  phenomenes 
lliinnains  avaient  ete  rigoureusement  attribues  a  des  agents  surnaturels, 
Ipuisque  des  lors  la  priere  aurait  logiquement  constituu  la  seule  res- 


Hii: 


,i 


I  I'  I 

'  ■■■'ff 


fir 


m 


*•  » 


158 


LAY  SERMONS,  ADDRESSES,  AM)  REVIFJFS 


[Vll! 


Rourco    iina^Mnaljlc!   pour    iufliuT    sur   lo   cours   liixLilucl   dcs  aotioni 
liuiuiiiiU's.      Oil  ilo'd  mvme  ri'mar</)«'r,  il  ce  ttujt't,  (/ue  cent,  an  coutruii, 
reh((Hi'/i('  sjiottftiticc  >/rs  jtrcmlhrs  loin  iicitio'f'llcs  jn'opres  mix  actfK  //,,/,. 
viliH'ls  on  Ht)(lan,i(ini,  fitu'onciit  fidns/iortcc  n  tons  A-s  jilinuniihiH  l^ 
moinit  e.rfcn'enr,  ii  iCohord  fonrni,  (l\i/>r('s  nos  expllcdtionH  }n-ciriUi,u^i 
vi'di  jii'liicipe  foiidami'iddl  dc  hi  jihiloxophie  thco/oi/iiinc.     Ai'nxi,  If  ij,i%, 
clhnciitdiie  de  Id  jJu'losophit'  j)0-'</'tir('  est  ccrtdine/nciil  (out  auKsi  jirimdA 
an  fond  r/nc  nlui  dc  In  jJi/losojJiit^  t/n'olof/ii/nc  ell'-mnnc,  ([noi  ijii'll  i,\,',f 
jni  se  d('V('l()j}i)i'r  (/nf  Indncunp  jilns  tdrd.     Uiie  telle  notion  iiniidrtJ 
extreiiieiiioiit  u  lii  i»ai'iait(;  rationalitt'  tlo  noire  tlu'oiiu  sociolo^fi(|nc', im;,, 
que  la  vie  liiunaino  no  pouvant  jamais  ollVir  aucune  vrvitablu  citato 
quelconqtio,  niais  touj'oiirs  iinc  simple  ('vdlution  <;ni(liiello,  ressor  lii;,,; 
do  rcs])rit   positit'   tlcNieiulrait  .scieutilinuement  iiicomi)i'('h('ii-iliK',  !• 
dos  rorigine,  on  n'cn  conccvait,  a  toas  ('ganls,  les  j^romicrs  ludiinci;;.  1 
noeessaires.       Dejuiis    cetle    situation    primitive,   a    mi>sure   (jiienJ 
observations  se  sent  sjiontaiu'ment  etendues  et  }j;t'neralis('e.s,  eel  es.Mj 
d'abord  ii  peine  ai»preeiable,  a  constamnieiit  suivi,   sans  cesser  lun;. 
tem[>s  d'etre  suballerne,  une  proLrri'Ssion  tieslente,  mais  eoiitiimM, !j| 
philosopliie  tlieologicjuc  restant  toiij<>urs  reservee  poui'  les  ijlieueminK 
de  moins  en  nioins  nombreux,  dont  les  lois  naturellcs  ne  puuvaiti;;] 
encore  etre  aucuncment  connues." 

(Wiparc  the  jn'opo.sitioiis  implicitly  laiil  clown  lure 
with  those  contained  in  the  earlier  volttme.  [a)  A^ 
a  matter  of  f;xct,  the  hnman  intellect  has  not  been 
iiivariahly  stibjected  to  the  Law  of  the  three  states, 
and  therefore  the  necessity  of  the  law  cannot  In 
demonstrable  a  2^^'^ori.  {h)  jMuch  of  our  knowkdifi 
of  all  kinds  has  not  -passed  through  tlie  three  states, 
and  more  particularly,  as  ^1.  Comte  is  careful  to  point 
out,  not  through  the  first,  (c)  The  ])ositive  state  k 
more  or  less  co-existed  Avith  the  theological,  from  tliel 
dawn  of  human  intelligence.  And,  by  way  of  com- 
pleting the  series  of  contradictions,  the  assertion  that 
the  three  states  arc  "  essentially  different  and  eviii 
radically  opposed,"  is  met  a  little  lower  on  the  saiiii 
page  by  the  declaration  that  "  the  metaphysical  state 
is,  at  bottom,  nothing  but  a  simple  general  modifieatinii 
of  the  first ; "  while,  in  the  fortieth  Leeon,  as  also  in  tlie 
interesting  early  essay  entitled  "  Considerations  pliilu- 1 
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r;(.)ilii(|iios  siir  k'S  Scit'iK'OS  et  Ics  Savants  (ISii.")),"  th(5 
tliivc  .stiiti'S  Jiiv  pnu'ticjilly  ivduccd  to  two.  "  Lc.  vt'i-i- 
taMf  t'-^prit  5J,eHt'i;il  dc  toutc  ])liil()S()|tliic  tliL'<)l<);4i<|ue 
ju  iiK'tnjtliy.siqiU'  cojisistf  a  prciulro  j)(>ur  |)riii('i|)(',  dnus 
fcxi'licatioH  des  ]>lieii(ni)en('s  dii  inoiidc  cxtcriciir,  iiotrc 
tciiliiiK'iit  inimc'diiit  des  pheiiDincnt's  liiminins  ;  taiidis 
jui!  ail  coiitrairc,  la  ]»liil()S(>])ln('  jMjsitivo  est  toujour^ 
uaractorist'c,  h"1i  moins  ])V()l<»iidciU(.'iit,  ]»ar  la  subordina- 
tion utri'ssaii'c  ct  ratioiinclle  dc  la  conception  dc  1  lionimc 

(■(•lie  du  niondc."  ^ 

1  leave  ^l.  Comtc's  dis('ii>lcB  to  settle  which  of  these 

coiitradictoi'v   statements    exi)resses    their   master's    real 

leaiiiii*;".     All   1    he^!.;;  leaA^e   to   vi'mark  is,   that   men   of 

iciejice  an'  not   in  the  hahit  of  paying  much  tittention 

to  "laws"  stated  in  this  fashion. 

The  seeond  statement  is  iindoid)tedIy  far  more  rational 
Wid  consistent  Avitli  fact  than  the  first ;  hut  f  cannot 
think  it  is  a  jnst  or  aderpiate  account  of  the  growth 
)f  intelliii'ence,  either  in  the  individual  man,  or  in  the 
(ninian  sixcies.  Anv  one  who  will  carefullv  watch  the 
k'velopment  of  the  intellect  of  a  child  \\\\\  perceive 
Ihnt,  from  the  first,  its  mind  is  mirroring  nature  in  two 
liti'erent  wavs.      (.)n  the  one  hand,  it  is  merely  diinkino^ 

sensations  and  l)uilding  up  associations,  while  it  forms 
inceptions  of  thing's  and  their  relations  which  are  more 
thoroughly  "  positive,"'  or  devoid  of  entanglement  with 
lypotlieses  of  any  kind,  than  they  will  ever  he  in  after- 
life. No  cjiijd  has  recourse  to  imai>"inarv  pei'sonific.qtions 
In  order  to  account  for  the  oi'dinary  pi-o])erties  of  objects 
diich  are  not  alive,  or  do  not  rei)resent  li\'inL>-  tilings.  It 
Ices  not  iniaG;ine  that  the  taste  of  suo'ar  is  brouojit  about 
)y  a  god  of  sweetness,  or  that  a  spirit  of  jum])ing  causes 
hall  to  l)ound.  lhu-Ii  ])i;!enomena,  which  foi'm  the  basis 
|f  a  vi.'ry  large  part  of  its  ideas,  are  taken  as  matters 
^  "riiilosopliie  Positive/"  iii.  p.  188. 
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of  courso — as  iiltiiiiMtc  f'ncts  wliidi  sun'O'CHt  iio  dillicn 
jind  need  no  ('Xjthiiiiilion.     So  far  jis  all  these  <'iiiiiiii,,| 
though  important,  ])h;L;iioni('n!i  are  eoneerniMl,  the  cliii,,, 
mind    is   in  what    Al.  Comte  wouhl  call   the  '' i>i)sitiv,. 
state. 

Uut,  side  1>ysi(h'  witli  this  mental  eonditioii,  llnivri., 
another.     The  child  l)e(;omes  aware  of  itscll'  a.^  a  som 
of  aetion  and  a  sul»je<'t  of  passion  and  of  thonj^iit.    '\, 
acts  whicli  follow^  npon  its  own  desires  ai'e  ani(ui<^  lij. 
most   interesting  and   prominent  of  suri'oundiiio-  occ;;. 
renees  ;  and  these  acts,  ai^'ain,  plainly  arise,  ciliicr  (nit  > 
aiiections   c;iiised    by    su!Tonndin<^^   thin_L!,s,    or   of  otl,, 
chaiif^'cs  in  itself.     Among'  these  surrounding  things,  i 
most  interesting  and  ini[)oi'taut  arc  mother  and  fatli 
brethren  and  nurses.     The   liy[)othesis   that   these  wi,,. 
derfnl  creatures  are  of  like  nature  to  itself  is  spoi'di;, 
forced  u[)on  the  child's  mind;  and  this  ])rimitivo  jiiiiv 
of  nnthropomorpliism  turns  out  to  l)e  a  highly  sucecssfii: 
speculation,  Avhich  finds  its  jiistification  at  every  tiin 
No  wonder,  then,  that  it  is  extended  to  other  siinilaih 
interesting  objects  which  ai'c  not  too   uidike   those— t' 
the  dog,  the  cat,  and  the  canaiy,  the  doll,  the  toy,  m.: 
th(^  picture-book — that  these  are  endowed  .with  wills  aiii 
aflections,   an<l   with   capacities  for  being  "good"'  an; 
"  naughty."    ]3ut  surely  it  would  l)e  a  mere  perversion ly 
hmgiiage  to  call  this  a  "  theological"  state  of  mind,  citkl 
in  the  proper  sense  of  the  word  "  theological,"  or  as  eoii-f 
trasted  with  "  scientific  "  or  "  positive."     The  child  (Wf 
not  Avorship  either  fjither  or  mother,  dog  or  doll.    (i;,.| 
the  contrary,  nothing  is  more  curious  than  the  alisolii:-! 
irreverence,  if  I  may  so  say,  of  a  kindly-treated  youu: 
child  ;  its  tendency  to  believe  in   itself  as   the   ceiitrf 
of  the  universe,  and  its  dis})osition  to  exercise  despoti- 
tyranny  over  those  who  could  crush  it  with  a  finger. 

Still  less  is  there  anything  unscientific,  or  anti-scientiiii 
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this  iiifMiitil(i  jiiitlin)[)<)iU(H'i>lii,sin.     Tlic  cliiM  ohsorvcs 

lilt  many  pliiviiomciiii  Mi'e  the  comsimiiumiccs  of  ntFcftions 

[f  itself;    it    sooM    has  excellent   ivasoii.s    for   the  Ijeiief 

i;it   iiKUiv  otlior   ])h;iMi()iiu'ii;i   arc  conscMiueiices  of  tlio 

[fiirtiniis  of  other  beino'Sj  in(H'e  or  less  like  itself.      And 

laviiiL;'  thus  ockxI  evidencM'  for  l)elievin_L»'  that   many  of 

le  most  interesting  oeeiirreiices  about"  it  are  cxj  licahle 

Id  the  hypothesis  that  they  an^  the  work  of  iutelligonces 

jkc   itself — having   (liseovered  a    rem  causa  for  many 

[htenttmena — why  should  the  eliild  limit  the  applieation 

so  fruitful   an   hypothesis  ?     ^fhe   dog   has  a,   sort  of 

itclligeiice,   so  has  the  eat ;    why  should  not  the   doll 

1(1  the  ])ieture-l)ook   also    have   a   share,  pro[)ortioned 

their  likeiK^ss  to  intellii>'ent  thinns? 

The  only  limit  which  does  ai'ise  is  exaetly  that  wliich, 

II  matter  of  s(nence,  should  arisi;  ;  that  is  to  say,  the 

ithr()[)omor])hic  interpretation  is  a})plied  only  to  those 

i.Tiiomena    which,   in    their    general    nature,    or    their 

)]inrent  caprieiousncss,  resemble  those,'  which  the  child 

).serves  to  l)e  caused  by  itself,  or  by  l)eings  like  itself. 

[.11  the  rest  arc  regarded  as  things  which  explain  them- 

jlvos,  or  arc  inexplicable. 

It  is  only  at  a  later  stage  of  intellectual  development 
lat  the  intelligence  of  man  awakes  to  the  a])]iarent 
)nili('t  l)etween  the  anthropomorphic,  and  what  1  may 
ill  the  physical,^  aspect  of  nature,  and  eitlu'r  endeavours 
extend  the  anthro})()morphic  view  over  the  whole  of 
itu'' — which  is  the  tendency  of  theology;  or  to  give 
^e  StUiHe  exclusive  predominance  to  the  physical  view — 

p  The  \\\nx\  "  positive"  is  in  every  way  objectioiiablc.  In  ono  sense  it 
gpests  that  mental  quality  which  was  iind(jul)tedly  lar<.R'!v  uevi  jsipod  in 
,  C'omte,  Init  can  best  be  dispensed  with  in  a  philosopher  ;  in  another,  it  u 
fortunate  in  its  application  to  a  system  which  starts  wi; h  enormous  no^^a- 

his;  in  its  tliird,  and  specially  philosophical  sense,  as  ipi[)lyint^  a  systen:    .1 

bu^'ht  which  assumes  nothing  beyoud  the   content  of    >bsi'i'vcd  farx-.  .t 

[plies  that  which  never  did  exist,  and  never  will. 


il 


f    : 


M 


■:,! 


'M 


:hi 


If 


'U 


'I', 


\ 


CI 


>!-^n\''iy 


;    I 


1G2 


LAV  SERMONS,  ADDRESSES,  AND  REVIETf^S. 


[^■111. 


A\  liicli  is  the  tendency  of  science  ;  or  aJopt.s  a  niidd] 
('oui'sc,  and  taking  from  the  aiithropomor])hic  view  its  I 
tendency  to  })ersonify,  and  from  the  physical  view  iJ 
tendency  to  exclude  volition  and  affection,  ends  in  wliatj 
]\l.  Conite  calls  the  "metaphysical"  state — "metapliv. 
sical,"  in  M.  Comte's  writings,  heing  a  general  tcrm'o;| 
abuse  for  anything  he  does  not  like. 

What  is  true  of  the  individual  is,  ^mutatis  mutandk 
true  of  the  intellectual  development  of  the  species.    I: I 
is  absurd  to  say  of  men  in  a  state  of  primitive  savagC'iT,| 
that  all  their  conceptions    are    in   a   theological    stau 
Nine-tenths   of   them    are   eminently    realistic,    and  a? I 
"positive"  as  ignorance  and  narrowness  can  make  thciii, 
It  no  more  occurs  to  a  savage  than  it  does  to  a  cliili 
to  ask  the  why  of  the  daily  and  ordinary  occurrencc^l 
"which   form  the  greater  part  of  his  mental  life.    But 
in  regard  to  the  more  striking,  or  out-of-the-way,  events,! 
which  force  him  to  speculate,  he   is   highly  anthropo- 
morphic ;  and,  as  compared  with  a  child,  his  anthropi> 
morphism   is   complicated    by   the    intense    impression  I 
which   the  death   of  his   own   kind  makes   upon  liim, 
as  indeed  it  well  may.     The  warrior,  full  of  ferocioii?! 
energy,    perhaps    the    despotic    chief    of    his    tribe,  i? 
suddenly   struck  down.      A  child  may  insult  the  mail 
a  moment  before  so  awful ;  a  fly  rests,  undisturbed,  on 
the  lips  from  which  undisputed  command  issued.     Aiiii| 
yet   the   bodily  aspect  of  the  man  seems  hardly  mcrt 
altered  than  when    he   slept,  and,  sleeping,  seemed  t) 
himself  to  leave  his  body  and  wander  through  dream- 
land.    What  then  if  that  something,  Avhich  is  the  esseiuii 
of  the  man,   has  really  been  made  to   wander  by  tlit 
violence    done   to    it,   and  is  unable,   or  has  forgotten, 
to    come    back  to    its  shell  ?     Will  it  not  retain  some- 
what  of  the   powxn's   it   possessed   during   life  ?     3Iay| 
it  not   help    us   if  it   be   pleased,    or  (as   seems  to  m 
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jy  far  tlie  more  goncral  impression)  hurt  us  if  it  be 
iiirreretl  ?  Will  it  not  l)e  well  to  do  towards  it  tLose 
tliiiifr.s  which  would  have  soothed  the  man  and  ]mt 
lim  ill  good  humour  during  his  life'?  It  is  impossil)le 
k  study  trustwortliy  accounts  of  savage  thought  with- 
out seeing,  that  some  such  train  of  ideas  as  this,  lies  at 
tlie  bottom  of  their  speculative  beliefs. 

There  are  savages  without  God,  in  any  proper  sense 
)f  the  word,  but  none  without  ghosts.  And  the  Fetish- 
ism, Ancestor-worship,  Hero-worship,  and  Demonology 
\\i  primitive  savages,  are  all,  I  believe,  different  manners 
bf  ex[)ression  of  their  belief  in  ghosts,  and  of  the 
|iiithroi)oniorphic  interpretation  of  out-of-the-way  events, 

^hicli  is  its  concomitant.  Witchcraft  and  sorcery  are 
[lie  })ractical  expressions  of  these  beliefs ;  and  they 
itand  in  the  same  relation  to  religious  worship  as  the 
[iiiiplc  anthropomorphism  of  children,  or  savages,  does 
theology. 

Ill  the  progress  of  the  species  from  savagery  to 
Jdvanced  civilization,  anthropomorphism  grows  into 
[lieology,  wdiile  physicism  (if  1  may  so  call  it)  develops 

ito  science  ;    but  the   development   of  the  tw^o  is  con- 

?mporaneous,  not  successive.  For  each,  there  long 
kxists  an  assured  province  which  is  not  invaded  by 
[he  other ;  while,  between  the  two,  lies  a  debateable  land. 

Tiled  by  a  sort  of  bastards,  who  owe  their  complexion 
idiysicisri  and  their  sulistance  to  anthropomorphism, 
[nd  are   M.  Comte's  particular  aversions — metaphysical 
Intities, 
But.  as  the  ages  lengthen,  the  borders  of  Physicism 

icrease.     The  territories  of  the  bastards  are  all  annexed 
science ;    and   even   Theology,   in   her   purer   forms, 

^as  ceased   to   be   anthropomorphic,  howevcii    she    may 

dk.  Anthropomorphism  has  taken  stand  in  its  last 
[ortress — man  himself.     But  scijncc  closcl}  invests  the 
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walls;  and  Philosophers  gird  thcmselvos  for  l)attli. 
upon  the  last  and  greatest  of  all  speculative  prohlenis— 
Does  human  nature  possess  any  free,  volitional,  or  truly 
anthropomorphic  element,  or  is  it  only  the  cuiinino;o,t 
of  all  Nature's  clocks?  Some,  amoug  whom  I  count 
myself,  think  that  the  hattle  will  for  ever  I'emaiu  a 
drawn  one,  and  that,  for  all  practical  puri)oses,  this  result 
is  as  good  as  anthropomorphism  winning  the  day. 

The  classification  of  the  sciences,  wbicli,  in  the  cvin 
of  iM.  Comte's  adh(nTnts,  constitutes  his  second  oivat 
claim  to  the  dignity  of  a  scientific  philoso])her,  appi-ais 
to  me  to  be  open  to  just  the  same  ol)jectioiis  ns  thi' 
law  of  the  three  states.  It  is  inconsistent  in  itself,  and 
it  is  inconsistent  with  flict.  Let  us  consider  tlie  main 
points  of  this  classification  successively  : — 

"  II  faut  distinguor  par  rapport  a  tous  los  ordreB  des  pli('nomene.«. 
deux  genres  de  sciences  naturellos ;  les  unes  abstraites,  g('ncrales,  ont 
pour  objet  la  decouverte  des  lois  qui  rcgissent  les  diverges  classes  di 
phenomcnes,  en  considerant  tous  les  cas  ipi'on  pout  concevoir ;  h_ 
autres  concretes,  particulicres,  descriptives^  et  qu'on  dcsigne  quelrpiet'oi- 
sous  le  noni  des  sciences  naturellos  proprenient  dites,  consistent  (laii.> 
I'application  de  ces  lois  a  I'liistoire  effective  des  diticrents  ('tre- 
existants.''  ^ 

The  "abstract"  sciences  arc  sul)sequently  said  to  h 
mathematics,  astronomy,  physics,  chemistry,  physiology, 
and  social  physics— the  titles  of  the  two  latter  ]m\v> 
sul)SC(piently  changed  to  biology  ard  sociohjgy.  )l, 
Comte  exemplifies  the  distinction  betw(*en  his  abstract 
and  his  concrete  sciences  as  follows  : — 

"  On  pourra  d'abord  I'apercevoir  trcs-nettement  en  com])arant,  iriiiii' 
part,  la  idiysiologie  generale,  et  d'une  autre  part  la  zoologic  et  !;i 
botani(pio  proprenient  dites.  Ce  sont  evidemuicnt,  en  cilet,  deux 
travaux  d'un  caractcre  fort  distinct,  que  d'ctudiei',  en  gi''n('ral,  les  l^i; 
de  la  vi(>,  on  de  dt'tcrminer  le  mode  d'existence  de  cluupie  coips  vivaiif, 
en  particulier.  Ceite  seconde  etude,  oi  outre,  est  necessalvememt  fom^u- 
fi>ir  la  pi'eruiere.'" — P.  57. 

^  "  Philopophie  Positive,"  i.  p.  50. 
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All  tlie  unreality  and  mere  booldshncss  of  JNI.  C( ante's 
knou'ledge  of  phy.sieal  .science  comes  out  in  the  passage 
I  have  italicised.  ''The  special  study  of  living  1  icings 
is  based  upon  a  general  study  of  tlie  laws  of  life!" 
What  little  1  know  about  the  matter  leads  me  to  think, 
that,  if  M.  Comte  had  possessed  the  slightest  ])ractical 
acquaintance  with  biological  science,  he  would  have 
turned  his  phraseology  ujiside  down,  and  have  perceived 
that  \\'e  Cc'in  have  no  knowledge  of  the  general  laws 
of  life,  except  ihat  which  is  based  u]_)on  the  study  of 
particular  living  beings. 

The  illnstnition  is  surely  unluckily  cheseii  ;  but  the 
laiifniaoc  m  which  these  so-called  aljstract  sciences  are 
(ieiined  seems  to  me  to  be  still  more  open  to  ci'itic'ism. 
With  what  ])ropriety  can  astronomy,  or  physics,  or 
chemistry,  or  biology,  be  said  to  occupy  themselves 
with  the  consideration  of  "all  conceivaUe  cases"  which 
fall  within  their  respective  provinces  ?  Does  the  as- 
tronomer occupy  himself  with  any  other  system  of  the 
universe  than  that  which  is  visible  to  him  i  Does  he 
speculate  upon  the  possible  movements  of  bodies  Avhidi 
may  attract  one  another  in  the  inverse  proportion  of  the 
cube  of  their  distances,  say  ?  Does  biology,  whether 
"abstract"  or  "concrete,"  occupy  itself  with  any  other 
form  of  life  than  those  wdiich  exist,  or  have  existed  ? 
And,  if  the  abstract  sciences  embrace  all  conceivable 
cases  of  the  operation  of  the  huvs  \\\i\\  which  they 
are  concerned,  would  not  they,  necessarily,  embrace  the 
subjects  of  the  concrete  sciences,  which,  inasmuch  as 
)inparaiit.  duiK  |  dicy  cxist,  must  needs  be  conceivable  I  In  fact,  no  such 
flistinction  as  that  which  AF.  Comte  draws  is  tenable. 
The  first  stage  of  his  classification  breaks  l)y  its  own 
■weight. 

But  granting  AT.  (Vjmte  his  six  td)stract  sciences,  he 
proceeds  to   arrange   them  according  to  what   he    calls 
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their  natural  order  or  liierarcliy,  tlieir  places  in  tli> 
hierarchy  being  determined  by  the  degree  of  genoralit; 
and  simplicity  of  the  conceptions  witli  which  tlirv 
deal.  IMathematics  occupies  the  first,  astronomy  tji,. 
second,  physics  the  third,  chemistry  the  fourth,  ])iul(,ov 
the  fifth,  and  sociology  the  sixth  and  hist  i)lace  in  tJi,! 
series.  M.  Comte's  arguments  in  i'avonr  of  this  classi- 
fication are  fii'st — 

"  Sa  conforniite  essentielle  avec  la  co-ordination,  en  que]<iuc  sortM 
spontanc'e,  t[ui  se  trouve  en  ell'et  implicitemcnt  adniisc  par  ks  savants 
livres  a  I'utude  des  diverse  branches  de  la  pliilosopliie  naturelle." 

But  I  absolutely  deny  the  existence  of  this  confonnit^-. 
If  there  is  one  thing  ch^ar  about  the  progress  of  moderii 
science,  it  is  the  tendency  to  reduce  all  scieiitifitj 
problems,  except  those  which  are  purely  mathemntical, 
to  (piestions  of  molecular  physics — that  is  to  say,  to 
the  attractions,  repulsions,  motions,  and  co-ordinatiun 
of  the  ultimate  particles  of  matter.  Social  pha^noinciia 
arc  the  result  of  the  interaction  of  the  components  of 
society,  or  men,  with  one  another  and  the  surroundi!];:^' 
universe.  But,  in  the  language  of  physical  scieiici'. 
which,  by  the  nature  of  the  case,  is  materialistic,  the 
actions  of  men,  so  far  as  tliey  arc  recognisal)le  by 
science,  are  the  results  of  molecular  changes  in  tlie 
matter  of  wliicli  tliey  are  composed  ;  and,  in  the  long 
run,  tliesc  must  come  into  the  hands  of  tlie  ])hysi('i,st. 
A  fortiori,  the  plictniomena  of  biology  and  of  chemistry 
are,  in  their  ultimate  analysis,  questions  of  molecular 
physics.  Indeed,  the  fact  is  acknowledged  by  all 
chemists  and  biologists  who  look  beyond  their  imme- 
diate occupations.  And  it  is  to  be  observed,  that  the 
phamomcna  of  biology  are  as  directly  and  bnmediately  con- 
nected with  molecular  physics  as  are  those  of  chemistry. 
Molar  physics,    chemistry,    and   biology  arc   not   tlire^ 
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suercssive  steps  in  the  ladder  (jf  knowledge,  as  ^I. 
Comte  would  have  lis  believe,  hut  tlir(^e  l)i"anehes 
springing  from  tlie  eoninion  stem  of  molecular  pliysics. 

xVs  to  astronomy,  I  am  at  a  loss  to  undei'st;ind  how 
aiiv  one    who    will   give   a  moment's   attention  to  the 
nature  of  the   science   cnn  fail  to  see  that  it  consists  of 
two  parts  :    first,  of   a  description  of   tlie  i)lianioraena, 
wliich   is   as  much  entitled  as    descrii)tive    zooloo'v,   or 
botany,  is,  to  the  name  of  natural  history  ;  and,  secondly, 
of  an  explanation  of  the  })ha^nonKna,  furnisluMl  l)y  the 
laws  of  a  force — gravitation — the  study  of  which  is  as 
much  a  part  of  physics,  as  is  that  of  heat,  or  electricity. 
It  wouhl  be  just  as  reasonable  to   make  the  study  of 
the  heat  of  the   sun   a  science  preliminary  to    the   rest 
of  tlierniotics,  as  to  place  the  study  of  the  attraction  of 
the   bodies,    which   compose    the    universe    in   general, 
l)efore   that   of   the  particular    terrestrial  Ijodie.s,  whi(  h 
alone  we  can  experimentally  know.     Astronomy,  in  fact, 
owes  its  })erfection  to  the   circumstance  that  it  is  the 
only  branch  of  natural  history,  the  phjenomena  of  which 
are    largely   ex})ressil)le    l)y    mathematical    conceptions, 
and  which  can  be,  to  a  great  extent,  explained  by  the 
npplication  of  very  sim})le  physical  laws. 

With  regard  to  mathematics,  it  is  to  be  observed,  in 
the  first  place,  that  ]\l.  Oomte  mi  'S  up  under  that 
head  the  pure  relations  of  space  an<  of  quantity,  wlii(.'h 
are  properly  included  under  the  i  ime,  with  rational 
mechanics  and  statics,  which  are  mathematical  deve- 
lopments of  the  most  general  c<>i  ceptions  of  ])hysics, 
namely,  the  notions  of  force  and  if  motion,  delegating 
these  to  their  proper  place  in  physics,  we  have  left  pure 
mathematics,  which  can  stand  neither  at  the  head,  nor 
at  the  tail,  of  any  hierarchy  of  the  sciences,  since,  like 
logic,  it  is  equally  related  to  all ,  thougli  the  enorm^^us 
practical  difficulty  of  applying  matliematics  to  the  ir.ore 
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compicx  plirenomeua  of   nature  removes  tliem,  for  tlic 
present,  out  of  its  sphere. 

On  this  subject  of  nKitheniutics,  again,  M.  Conite 
indulges  in  assertions  which  can  only  he  accounted  for 
by  liis  total  ignorance  of  physical  science  practically, 
As  for  example  : — 

"C'est  done  i);ir  IV'tudo  dos  ni;itli('mati(iufir<,  et  senhnncid  jxir  ell(. 
que  Full  j)(,'ut  se  faire  line  idt'o  juste  et  a^jprofundie  de  ce  (juo  c'est 
qu'uni!  Kcience.  Cost  la  ziirii/iiciucnt  qu'un  doit  clievclier  a  cijiuiaitrc 
avec  ])rc'ci.sion  /n  mvthodt  ijeiit'i-nle  que  /'e-<j)rit  humaiit  ciii]iloic  countdm- 
■meitt  dans  toutes  se.'f  jrchcrchcs  positive^,  parce  quo  uulle  ])ai't  ailleui> 
les  questions  no  sont  resolucs  d'uno  manirre  aussi  coniplrte  et  Ics 
d(''iluctions  pmlongt'es  aussi  loin  avec  unc  si;V('rit(''  I'i.i^ouvcaso.  C'ust 
la  c'galenient  que  n(jti'e  entendenicut  a  donnc  les  ])lus  grandes  preuvus 
do  sa  force,  i)arce  que  les  idees  ([u'il  y  considere  sont  du  plus  liaiit 
degie  d'abstraction  possible  dans  I'ordre  positif.  Toxte  alticdtion 
scienlljiqne  qnl  na  commence  jxyint  ^x/r  ui/c  telle  elude  ijccjte  done  nectn- 
satrenicnt  jxir  m  base."  ^ 

That  is  to  say,  the  oidy  study  A\hi(di  can  confer  "  a  just 
and  comprehensive  idea  of  wdiat  is  meant  l)y  sciencL',"" 
and,  at  the  same  time,  furnish  an  exact  conception  of 
the  general  method  of  scijntific  investigation,  is  tLat 
which  knows  nothing  of  observation,  nothing  of  experi- 
ment, nothing  of  induction,  nothing  of  causation  !  And 
education,  the  vdiole  seci'ct  of  which  consists  in  proceed- 
ing from  the  easy  to  the  difficult,  the  concrete  to  tlie 
abstract,  ought  to  be  turned  the  other  way,  and  \r,m 
from  the  abstract  to  the  concrete. 

M.  Conite  puts  a  second  argument  in  favour  of  his 
hierarchy  of  the  sciences  thus  : — 

"  Un  second  caractere  tres-essentiel  de  notre  classificaLion,  c'e.'-t 
d'etre  necessairenient  conforine  a  Tordre  efFectil'  du  developpenient  dt 
la  pliilosopbie  naturelle.  Cest  ce  que  verilie  tout  ce  qu'on  sait  de 
I'histoire  des  sciences,"^ 

But  Mr.   Spencer  has  so   thoroughly  and  completely 
demonstrated  the  (djsence  of  any  correspondence  between 
_^  "  riiiloso-ihie  rositive,"  i.  p.  91).  =  Ibid.,  i.  p.  77. 
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tlic  liistoriciil  devt'lopmciit  of  tlu'  sciences,  and  their 
position  in  the  C^omtean  hieraivhy,  in  his  essay  on  the 
"(Genesis  of  Seicnee,"  that  1  shall  not  waste  time  in 
ivpeating  his  refutation. 

A  third  proposition  in  snjiport  of  the  Conitran  classi- 
fieation  of  tJie  seiences  stands  as  foUows  : — 

"En  tiNnsiiine  Hen  cetto  classiliciilidu  piVscntc!  la  ]>r()|)iii't('  tivs- 
i'Oiiiai'i|tial)lo  (U)  in,'ir({iu'i'  exactemunt  la  pcrl'i'dion  rclativi-  ilcs  (lillVi- 
ivntes  sciences,  la([iii.'llo  consi-^te  essentiellenicnl  dans  le  dcnii'  de 
pivci.sion  dos  cuniiais.sanecs  ct  dans  leur  eo-oidinatinn  plus  uii  nmins 
intinie."  ^ 

L  am  quite  una1>]e  to  understand  tlie  distinetiou  whieh 
)I.  Comte  enck'avours  t*)  (h'aw  iu  this  passage  iu  spite 
of  his  amplifK'ations  further  on.  l^^very  science  must 
consist  of  precise  knowledge,  and  tliat  knowledge  must 
lie  co-ordinated  into  general  })ro})oi'tions,  or  it  is  ncjt 
f<cience.  When  lS\.  (Jomte,  iu  exem]»litication  of  the 
statement  1  have  cited,  sa  s  that  "  k's  pheuomenes 
organitjues  ne  eoniportent  qu  une  etude  a  la  fois  nioins 
L'xaete  ct  moins  systeniatique  f[ue  les  phenonieucs  des 
corps  bruts,"  I  am  at  a  loss  to  comprehend  what  he 
means.  If  1  affirm  that  "  when  a  motor  nerve  is  irri- 
tated, the  muscle  connected  witli  it  ))ec(mies  sinudtanc- 
oiisly  shorter  and  thicker,  witliout  changing  its  \'oluine," 
it  appears  to  me  that  the  staiement  is  as  precise  or  exact 
(and  not  merely  as  true)  as  that  of  the  physicist  who 
sliould  say,  tliat  "  when  a  pi(3ce  of  iron  is  heated,  it 
becomes  simultaneously  longer  and  thickei'  imd  increases 
ill  volume;"  nor  can  1  discover  any  ditfei'cuce,  in  point 
of  precision,  between  the  statement  of  the  morphological 
liiw  that  "  animals  whicdi  suckle  their  young  have  two 
occi})ital  condyles,"  and  the  enunciation  of  the  }>hysical 
law  that  "  w^ater  suljjected  to  electrolysis  is  ]'e})laced  by 
an  equal  weight  (jf  the  gases,   oxygen   and  hydrogen." 
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As  for  aiiatoniical  or  pliysiolooical  invcsiio-ation  IxMurr 
less  "  8yst(iniati('- "  than  that  of  the  physicist  or  chemist, 
the  assertion  is  simply  UDaccountiihle.  The  methods  df 
pliysieal  sideiiee  are  everywhere  tlu;  same  in  })riii(M|)l('^ 
uiid  the  physi()h)gieal  investig.'itor  who  was  not  "  sys- 
tematic "  woiihl,  on  tlie  whoh',  break  (hjwn  ratlier  sooner 
than  the  in'juircr  into  sim])hH'  sul)jeets. 

'I'lius  i\l.  Comte's  eiassitieation  of  the  sciences,  under 
all  its  aspects,  ajjpears  to  me  to  Ix;  u  complete  faihiiv, 
It  is  imp()ssihl(3,  in  an  articde  whidi  is  ah'."ady  t(Jo  loner. 
to  in(piire  how  it  may  he  rc}»lac(;d  by  a.  lietter;  and  it  is 
the  less  necessary  to  do  so,  as  a,  second  edition  of  Mr. 
Spencer's  remarkable  essay  on  this  subject  has  just  been 
pul)lislied.  After  wadin<>'  throuf»li  pa^'cs  of  the  loiui-- 
windc<l  confusion  and  second-hand  information  of  tlie 
"Philosophic  Positive,'  at  tlie  risk  of  a  c*y'/,s'c.  cerehrnh'— 
it  is  as  good  as  a  sliower-l.)ath  to  turn  to  the  "  Classi- 
fication of  the  Scieii(;es,"  and  refresh  oneself  with  ^[r. 
Spencer's  profound  thought,  precise  knowledge,  and  clear 
language. 

11.  The  second  proposition  to  which  I  have  comuiittcd 
myself,  in  the  paper  to  wliich  1  luive  Leeii  oliliged  to 
refer  so  often,  is,  that  the  "  Positive  Philosophy  "  contains 
"a  great  deal  which  is  as  thoroughly  antagonistic  to  the 
very  essence  of  scienc^e  as  is  anything  in  ultramontane 
Catholicism." 

What  I  refer  to  in  these  words,  is,  on  the  one  haml, 
the  dogmatism  and  narrowness  which  so  often  mark 
M.  Comte's  discussion  of  doctrines  which  he  does  not 
like,  and  reduce  his  expressions  of  o|)inion  to  mere 
passionate  puerilities  ;  [is,  for  example,  when  lie  is 
arguing  against  the  assumi)tion  of  an  ether,  or  when 
lie  is  talking  (1  cannot  call  it  arguing)  against  psyclio- 
logy,  or  political  economy.  On  the  other  hand,  I  alhide 
to  the  spirit  of  meddling  systematization  and  regulation 
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wliicli  nnlnintcs  oven  the  "  ]1iilo,so[)liio  Positive,"  and 
l)iv;ik.s  out,  ill  tli(3  latter  voluiiR'S  of  that  work,  into  no 
uiicei'tain  foreshadowing  of  the  aiiti-seieiitih(;  monstro- 
sities of  (!ointe's  later  writines. 

Those  wlio  try  to  draw^  a.  liiui  of  deniarealion  between 
the  spirit  of  the  "  rhih)so|»liie  Positive,"'  and  that  of 
the  ''  l?oIitiijue "  and  its  successors,  (if  i  may  expi'ess 
an  opinion  from  frai^inentary  kiiowlede-e  of  these  hist,) 
nnist  lijive  ovei'looked,  or  fon'otteii,  what  ('onite  liimsejf 
labours  to  show,  and  indeed  succeeds  in  prt^dng,  in 
the  "  Aj)[»endice  (Icneral  "  of  the  "  Politiipie  Positive." 
'•Des  moll  debut,"  lie  writes,  "  je  tentai  (h'  foiuhH*  Ic 
iiouveau  pouvt)ir  spirituel  ([ue  j'institue  aujoui'd'liui." 
"Ma  pobti(pie,  loin  d'etre  uncunenient  op[)osL'e  a  ma 
])hilosophie,  en  constitue  telh'meiit  la  suite  naturellc 
([ue  celle-''i  fut  directement  iiistituee  pour  servir  (h>  base 
a  celle-la,  comme  le  ])rouvc  cet  a])pendice."^ 

This  is  quite  true.  In  the  reniarlc;d)le  essay  entitled 
''  Considerations  sur  le  Pouvoir  spirituel,"  published  in 
March  182(>,  Comtc  advocates  the  estalilishment  of  a 
"modern  s})iritual  ])Ower,"  which,  he  anticipates,  may 
exercise  an  even  greater  influenco  over  tem])oral  affairs, 
than  did  the  Cath(.)lic  clergy,  at  the  height  of  their 
vigour  and  independence,  in  the  twelfth  century.  This 
spiritual  power  is,  in  fact,  to  govern  opinion,  and  to 
have  the  supreme  control  over  education,  in  each 
nation  of  the  West ;  and  the  s})iritual  powers  of  the 
several  European  peoples  a,re  to  be  associated  together 
and  placed  under  a  common  directi(m  or  "'  souverainete 
spirit  uelle." 

A  system   of  *'  Catholicism   minus  Cliristianity "  was 

therefore   completely  organized    in    Cointe's    mind,   four 

years    before    the    first    volume    of    the    "  Philoso])hie 

Positive  "   was  written  ;  and,  naturally,  the  papal  spirit 

^  Loc.  cit.,  Preface  Hpeciale,  pj).  i.  ii. 
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shows  itsi'lt'  ill  tli;'.t  \V(»rk,  iint  only  in  llu.'  wjiys  1 
li;iv(^  iilrcady  mentioned,  l)ut,  notiihly,  in  the  attack 
on  lilx'ity  of  conscience  which  breaks  out  in  the'  loinlli 
vohinie  : — • 

"  II  Ji'y  a  ])()iiH  do  lilicrti''  dc  conscience  en  astronomic,  en  l»liy.sii|iif, 
en  cliiniic',  c!i  jiliysiolo^^ie  incnic,  en  cc  sens  ([nc  cliacun  truuvcinit 
absurde  do  no  pas  oroirc  do  conliance  aux  principes  ctablis  dans  lus 
sciences  par  les  liuinmes  compt'tents." 
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"Notliing  in  ultramontane  Catholicism"  can,  in  my 
judgment,  i)e  more  completely  sacer(h>tal,  more  entireh- 
anti-scientiiie,  than  this  dictum.  All  the  great  steps  in 
the  {idv^an(;ement  of  scieiK'C  have  been  maih,^  by  just 
those  men  who  have  not  hesitated  to  doubt  the  "  ])riii- 
cii)les  established  in  the  sciences  by  competent  persons  ;' 
and  the  orcat  teachiniij  of  science — the  oreat  use  of  it  ;ts 
an  instrument  of  mental  discipbne — is  its  constant  incul- 
cation of  the  maxim,  that  the  sole  QTOund  on  Avhich  aiiv 
statement  has  a  right  to  be  believed  is  the  impossibility 
of  refuting^  it. 

Thus,  without  travelling  bey^ond  the  limits  of  the 
"  rhilosophi(*  Positive,"  we  find  its  authoi-  contemplat- 
ing the  establishment  of  a  system  of  society,  in  which 
an  organized  spiritual  poAver  shall  over-ride  and  direct 
the  tempoi'al  power,  as  comi)letely  as  the  Innocents  and 
Gregorys  tried  to  govern  Europe  i]i  the  middle  ages  ;  aiul 
repudiating  the  exercise  of  liberty  of  conscience  against 
the  "Jioiiinics  competcnts"  of  whom,  by  the  assuin}»- 
tion,  the  new  priesthood  would  be  com])osed.  Was 
Mr.  Cono'reve  as  foro^etful  of  this,  as  he  seems  to  have 
been  of  some  other  parts  of  the  "  Philosophic  Positive, 
when  he  wrote,  that  "  in  any  limited,  carefid  use  ef 
the  term,  no  candid  man  could  say  that  the  Positive 
Philosophy  contained  a  great  deal  as  thoroughly  anta- 
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noiiistic  to   [the  very  cs-sciU'C  of]   sciciico  as   Cutlioli- 
cism    : 

M.  ("oiiitc,  it  will  hiwi)  l)(H>ii  ol)soi've(l,  desires  to  retain 
tlie  Avliole  of  Cathoiie.  oi'i^aiiizatioii  ;  and  the  logical 
pnictieal  result  of  lliis  part  (jf  his  doeti'iiie  would  he 
the  estahlishiueut  of  soinethiiii;"  eorresjtoudiui;'  with  that 
cniineutly  (^itholie,  1»ut  admittedly  ant'-scieiitifie,  in^ti- 
riition — the  Ifol}'  ( )tliee. 

1  lio])e  I  have  said  enoii,i;ii  to  sliow  tliat  1  wrc^te  tlie  few 
lines  I  devoted  to  M.  ('(jnite  and  his  pliilosophy,  neither 
un,i^ai;irdedly,  noi*  i^norantly,  still  less  nialieioiisly.  I 
shall  be  sorry  if  what  I  have  now  ad<led,  in  luy  own 
justitieation,  should  lead  any  to  suj)[)ose  that  1  think 
M.  Cointe's  works  worthless  ;  or  that  1  do  not  heartily 
I't'spect,  and  sympathise  Avith,  those  who  have  l»een  im- 
pcUe'd  by  him  to  think  deeply  ni)on  soeial  ])ro1>lems, 
and  to  strive  nobly  for  soeial  regeneration,  it  is  the 
virtue  of  that  impulse,  I  believe,  which  will  save 
the  name  and  fame  of  Auguste  C^omte  from  oblivion. 
As  for  his  philosophy,  I  part  with  it  l)y  (pioting 
his  owTi  words,  reported  to  me  by  a  (piondam  Comtist, 
now  an  eminent  memljer  of  the  Institute  of  Franee, 
M.  Charles  Robin  : — 

"La  rhilosophio  est  une  tentative  incessante  de  respritluiniain  pour 
arriver  an  repos  :  iiiais  die  ae  trouve  incessaininent  aus.si  d('Tan^f('o  par 
les  ])i'ngres  contimis  de  la  science.  J)e  lii  vient  pour  Ic  pliilosopho 
ToliHgation  do  refaire  cliaque  soir  la  syntlirse  de  ses  concei)iions ;  et 
un  jDUV  viendra  on  riioniniG  raif^onnalile  ne  fera  plus  d'autre  pricre 
'111  soir." 

'  Mr.  ('ono;reve  leaves  out  these  importaut  words,  which  show  that  I  refer 
to  tlie  spirit,  and  not  to  the  details  of  science. 
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ON    A    PIECE    OF    CHALK. 

•    A  LECTURE   TO   WORKING   MEN. 

If  a  well  were  to  be  sunk  at  our  feet  in  the  midst  of 
the  city  of  Norwich,  tlie  diggers  wouhl  very  soon  find 
themselves  at  work  in  that  white  substance  almost  too 
soft  to  be  called  rock,  with  which  we  are  all  familiar  as 
"  chalk." 

Not  only  here,  but  over  the  whole  county  of  Norfolk, 
the  well-sinker  might  carry  his  shaft  down  many  hundred 
feet  without  coming  to  the  end  of  the  chalk  ;  and,  on 
the  sea-coast,  where  the  waves  have  pared  away  the 
face  of  the  land  which  breasts  them,  the  scarped  faces 
of  the  high  cliffs  are  often  wholly  formed  of  the  same 
material.  Northward,  the  chalk  may  be  followed  as  far 
as  Yorkshire  ;  on  the  south  coast  it  appears  abruptly 
in  the  picturesque  western  bays  of  Dorset,  and  breaks 
into  the  Needles  of  the  Isle  of  Wight  ;  while  on  the 
shores  of  Kent  it  supplies  that  long  line  of  white  cliffs 
to  which  England  owes  her  name  of  Albion. 

Were  the  thhi  soil  which  covers  it  all  washed  away, 
a  curved  band  of  white  chalk,  here  1>roader,  and  there 
narrower,  might  be  followed  diagonally  across  England 
from    Lid  worth    iu   Dorset,    to   Flamboroucjh    Head  in 
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Yorksliire — a  distance   of  over   280   miles  as  the   erow 
flics. 

From  tliis  band  to  the  North  Sea,  on  the  east,  ;\nd  the 
Channel,  o\\  the  south,  the  ehalk  is  laro('ly  liiddcn  by 
other  deposits  ;  hut,  except  in  the  Weald  of  ivent  and 
Sussex,  it  enters  into  the  veiy  foundation  of  all  the 
south-eastern   counties. 

Attaining,  as  it  does  in  some  places,  a  thickness  of 
more  than  a  thousand  feet,  the  Enolish  chalk  must  be 
admitted  to  be  a  mass  of  consideral)le  magnitude. 
Nevertheless,  it  covers  but  an  insignificant  jiortion  of 
the  whole  area  occupied  by  the  chalk  formation  of  the 
globe,  which  has  precisely  the  same  general  characters 
as  ours,  and  is  found  in  detached  patches,  some  less, 
and  others  more  extensive,  than  the  English. 

Chalk  occurs  in  north-west  Ireland  ;  it  stretches  over 
a  large  part  of  France, — the  chalk  which  underlies  Paris 
l)eing,  in  fact,  a  continuation  of  that  of  the  London 
1)asin  ;  it  runs  through  Denmark  and  Central  Europe,  and 
extends  southward  to  North  Africa  ;  while,  eastward,  it 
appears  in  the  Crimea  and  in  Syria,  and  may  be  traced 
as  far  as  the  shores  of  the  Sea  of  Aral,  in  (Vmtral  Asia. 

If  all  the  points  at  which  true  chalk  o(;curs  were 
circumscribed,  they  would  lie  within  an  irregular  oval 
about  3,000  miles  in  long  diameter — the  area  of  which 
would  be  as  great  as  that  of  Europe,  and  would  many 
times  exceed  that  of  the  laroest  existino-  inland  sea — 
the  Mediterranean. 

Thus  the  chalk  is  no  unimportant  element  in  the 
masonry  of  the  earth's  crust,  and  it  impresses  a  peculiar 
stamp,  varying  with  the  conditions  to  which  it  is 
ex])osed,  on  the  scenery  of  the  districts  in  which  it 
occurs.  The  undulating  downs  and  r(anide(l  co()nd)s, 
covered  with  sweet-grassed  turf,  of  our  inland  chalk 
country,    have    a    peacefully    domestic    and    mutton- 
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siirrnrostino'  prcttiiioss,  Imt  can  hardly  be  called  eithor 
grand  or  beautiful.  lUit,  on  our  soutli<M*n  coasts,  tlio 
wall-sided  clill's,  many  hundred  feet  hi^h,  with  vtist 
needles  and  pinnacles  standing  out  in  the  sea,  sliari) 
and  solitary  enough  to  serve  as  perches  for  the  waiy 
cormorant,  confer  a  wonderful  beauty  and  grandoiir 
upon  the  chalk  headlands.  And,  in  the  East,  chalk  has 
its  share  in  the  formation  of  some  of  the  most  venerabk' 
of  mountain  ranges,  such  as  the  Lebanon. 

What  is  this  wide-spread  component  of  the  surface  of 
the  earth  ?  and  whence  did  it  come  ? 

You  may  think  this  no  very  hopeful  inquiry.  You 
may  not  unnaturally  suppose  that  the  attempt  to  solve 
such  problems  as  these  can  lead  to  no  result,  save  thut 
of  entangling  the  inquirer  in  vague  speculations,  in- 
capable of  refutation  and  of  veriticiitiim. 

If  such  were  really  the  case,  I  should  have  selected 
some  other  subject  than  a  "  piece  of  chalk "  for  my 
discourse.  lint,  in  truth,  after  much  deliberation,  I 
have  been  unal)le  to  think  of  any  topic  which  would  so 
well  enable  me  to  lead  you  to  see  how  solid  is  the  foun- 
dation ui>on  which  some  of  the  most  startling  conclusions 
of  j)hysical  science  rest. 

A  great  chai)ter  of  the  history  of  the  world  is  written 
in  the  chalk.  Few  passages  in  the  history  of  man  can 
be  supported  by  such  au  overwhelmiug  mass  of  direct 
and  indirect  evidence  as  that  which  testifies  to  the  truth 
of  the  fragment  of  the  history  of  the  glol)e,  whieh  I  hope 
to  enable  you  to  read,  with  your  own  eyes,  to-night. 

Let  me  add,  that  few  clnipters  of  human  history  have 
a  more  i)rofound  sii2;nificance  for  ourselves.  I  weidi 
my  words  well  when  I  assert,  that  the  man  who  should 
know  the  true  history  of  the  bit  of  chalk  which  eveiy 
carpenter  carries  about  in  his  breeches-i)ocket,   though 
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iiTiioraiit  of  all  other  history,  is  likely,  if  ho  will  think 
his  knowledge  out  to  its  ultimate  results,  to  have  a  truer, 
aiiil  therefore  a  Itetter,  concepti(»ii  of  this  wonderful 
universe,  and  of  man's  relation  to  it,  than  the  most 
k'lU'ued  student  who  is  deep-read  in  the  records  of 
hiuiianity  and  ignorant  of  those  of  Nature. 

The  language  of  the  ehalk  is  not  hard  U)  learn,  not 
nearly  so  hard  as  Latin,  if  you  only  want  to  get  at  the 
liroad  features  of  the  story  it  has  to  tell  ;  and  1  i)ro- 
pose  that  we  now  set  to  work  to  s[»ell  that  story  out 
tou'ether. 

We  all  know  that  if  we  "hui'n"  ehalk  the  result 
is  quicklime.  Chalk,  in  fact,  is  a,  compound  of  carhonie 
acid  lias  and  lime,  and  when  you  make  it  very  hot  the 
carhonie  acid  flies  away  and  the  lime  is  left. 

liy  this  method  of  procedure  we  see  the  lime,  but  we 
do  not  see  the  carhonie  acid.  \^,  on  the  otln.'r  hand,  you 
were  to  powder  a  little  chalk,  and  droj>  it  into  a  good 
deal  of  strong  vinegar,  there  would  be  a  great  bubbling 
and  fizzing,  and,  finally,  a  clear  litjuid.  in  which  no  sign 
of  chalk  would  ap}tear.  Mere  you  see  the  carl)onic  acid 
in  the  bubldes ;  the  lime,  dissolved  in  the  vinegar, 
vanishes  from  sight.  There  are  a  great  many  other 
ways  of  showing  that  chalk  is  essentially  nothing  but 
carhonie  acid  and  quicklime.  Chemists  enunciate  the 
result  of  all  the  ex[)eriments  Avliich  prove  this,  by 
stating  that  chalk  is  almost  wholly  composed  of  "  car- 
bonate of  lime." 

It  is  desirable  for  us  to  start  from  the  knowledge  of 
this  fact,  though  it  may  not  seem  to  help  us  veiy  far 
towards  what  we  seek.  For  carl)onate  of  lime  is  a  widely- 
spread  substance,  and  is  met  with  under  very  various 
conditions.  All  sorts  of  limestones  are  composed  of 
more  or  less  pure  carbonate  of  lime.  The  crust  which 
is  often  deposited  by  waters  which  have  drained  through 
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limestont'  rodcs,  in  tlio  form  of  wluit  aro  called  stnla"- 
mites  and  stalactites,  is  c;n'l)Oii;it(;  of  lime  Or,  to  t;ik. 
a  mor(!  familiar  ex;im])le,  the  fur  on  the  inside  of  a  tea- 
kettle is  carhonat(!  of  lime  ;  and,  for  jinything  chcinistiv 
tells  us  to  the  conti'Mry,  the  ch.'dk  might  Ixi  a  kind  (if 
gigantic  fur  upon  the  bottom  of  the  etirth-kettle,  wbicji 
is  ke[)t  pretty  hot  below. 

Let  us  try  another  method  of  making  the*  chalk  toll 
us  its  own  history.  To  tlu;  unassisted  eye  chalk  looks 
simply  lik(3  a  very  loose  and  open  kind  of  stone.  ]\\\\ 
it  is  possible  to  grind  a.  slice  of  chalk  down  so  thin  that 
you  can  see  through  it — until  it  is  thin  enough,  in  fact. 
to  be  examined  with  any  magnifying  j)ower  that  mav 
be  thougjht  desirable.  A  thin  slice  of  the  fur  of  a 
kettle  might  be  made  in  the  same  way.  If  it  were 
examined  microscopically,  it  wouhl  sliow  itself  to  Ik 
a  more  or  less  distinctly  laminated  mineral  substance, 
and  nothing  more. 

But  the  slice  of  chalk  presents  a  totally  different 
appearance  when  placed  under  the  microsco})e.  The 
general  mass  of  it  is  made  up  of  very  minute  granules : 
but,  imbedded  in  this  matrix,  arc  innumeral)le  bodies, 
some  smaller  and  some  Luwr,  l)ut,  on  a  rough  averaffc. 
not  more  than  a  hundredth  of  an  inch  in  diameter. 
having  a  well-defined  shape  and  structure.  A  cubic 
inch  of  some  specimens  of  chalk  may  contain  hundre(l> 
of  thousands  of  these  bodies,  compacted  together  witli 
incalculable  millions  of  the  orauules. 

The  examination  of  a  transy)arent  slice  gives  a  good 
noti(3n  of  the  manner  in  which  the  com})onents  of  the 
clialk  are  arranged,  and  of  their  relative  proportions, 
I>ut,  by  rubbing  up  some  chalk  with  a  brush  in  water 
and  then  pouring  off  the  milky  fluid,  so  as  to  ol>taiii 
sediments  of  different  degrees  of  fineness,  the  granules 
and   the    minut(3    rounded    bodies   may  be    pretty  well 
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separated  from  one  another,  and  submitted  to  micro- 
scopic examination,  either  as  opaque  or  as  transparent 
objects.  J>y  comliining  the?  views  obtained  in  these 
various  methods,  each  of  the  rounded  bodies  may  be 
proved  to  be  a  Ijeautifully-constructed  cah-nreous  falnic, 
made  up  of  a  number  of  chamljers,  communicating  freely 
with  one  another.  The  chamljcred  bodies  are  of  vai'i(nis 
forms.  One  of  the  commonest  is  something  Uke  a 
badly-grown  raspberry,  being  formed  of  a  numljcr  of 
nearly  glol)ular  chambers  of  different  sizes  congregated 
together.  It  is  called  Glohifjer'uia,  and  some  s])ecimens 
of  chalk  consist  of  little  else  than  Globijerinw  and 
jjranules. 

Let  us  fix  our  attention  upon  the  (jlohir/erina.  It  is 
the  spoor  of  the  game  we  are  tracking.  If  we  can  learn 
what  it  is  and  what  are  the  conditions  of  its  existence, 
we  shidl  see  our  way  to  the  origin  and  past  history  of 
the  chalk. 

A  suggestion  which  may  naturally  enough  present 
itself  is,  that  these  curious  bodies  are  the  result  of  some 
process  of  aggregation  which  has  taken  place  in  the 
carl)onate  of  lime  ;  that,  just  as  in  winter,  the  rime  on 
our  windows  simulates  the  most  delicate  and  elegantly 
arborescent  foliage — proving  that  the  mere  mineral  water 
may,  under  certain  conditions,  assume  the  outward  form 
of  organic  bodies — so  this  mineral  suljstance,  carbonate 
of  lime,  hidden  away  in  the  bowels  of  the  earth,  has 
taken  the  shape  of  these  chambered  bodies.  I  am  not 
raising  a  merely  ftmciful  and  unreal  objection.  Very 
learned  men,  in  former  days,  have  even  entertained  the 
notion  that  all  the  formed  things  f(jund  in  rocks  are  of 
this  nature  ;  and  if  'lo  such  conception  is  at  p^resent 
held  to  be  admissiljle,  it  is  because  long  and  varied 
experience  has  now  shown  that  mineral  matter  never 
does  assume   the  form  and  structure  we  find  in  fossils. 
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If  any  one  were  to  try  to  pci'.siiado  you  that  an  oyster- 
slicll  (wliich  is  also  cliicfly  coniitoscd  of  carlxinatc  of 
lime)  liad  crystallized  out  of  sea-water,  I  HU|)[»ose  vuu 
would  lau^u'li  at  tin;  absurdity.  Your  lauoliter  WdiiM 
be  justified  l»y  the  fact  that  all  experienee  tends  [u 
show  that  oyster-shells  ai'e  formed  hy  the  au'eiicy  of 
oysters,  and  in  no  other  way.  An<l  if  there  were  hm 
Letter  reasons,  we  should  1»(.'  justified,  on  like  L!rouii(l>. 
in  believiiio'  that  (jJoIiKjcruia  is  not  the  product  of  aiiv- 
thino;'  hut  vital  activity. 

lfa])i)ily,  however,  hotter  evidence  in  proof  of  tlir 
oro'anic  nature  of  the  (jiohlc/cn'uff  than  that  of  analo^v 
is  forthconiini»;.  It  so  ha])])ens  that  calcareous  skeletons. 
exactly  similar  to  the  (flohiijcviiuv  of  the  chalk,  {iiv 
beini^  formed,  at  the  i»resent  moment,  by  minute  liviiin 
creatures,  which  flourish  in  multitudes,  literally  nioiv 
numerous  than  the  sands  of  the  sea-shore,  over  a  larLrc 
extent  of  that  part  of  the  earth's  surface  which  is 
covennl  by  the  ocean. 

llie  history  of  the  discovery  of  these  living  GhJn- 
f/c}'i)Uf\  and  of  the  ])art  which  they  play  in  rook- 
buihling,  is  singular  enough.  It  is  a  discovery  which, 
like  others  of  no  less  scientific  importance,  has  arisen, 
incidentally,  Out  of  work  devoted  to  very  different  iinu 
exceedingly  practical  interests. 

AVhen  men  first  took  to  the  sea,  they  speedily  leaviicd 
to  look  out  for  shoals  and  rocks ;  and  the  more  tlii' 
burthen  of  their  ships  increased,  the  more  imperatively 
necessary  it  became  for  sailors  to  ascertain  with  precision 
the  depth  of  the  waters  they  traversed.  O/.t  of  tlii- 
necessity  grew  the  use  of  the  lead  and  sounding-line: 
and,  ultimately,  marine-surveying,  v>diich  is  the  recording 
of  the  form  of  coasts  and  of  the  depth  of  the  sea,  as 
ascertained  by  the  sounding-lead,  upon  charts. 

At  the  same  time,  it  became  desirable  to  ascertain 
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and  to  indicate  tlu*  nature  of  the  sea-liottom,  sinee  tliis 
circunistiinee  ^reatly  iitlrcts  its  onodjuj.ss  as  lioldiiiir 
uTound  lor  anehoi's,  S(»nie  inL;'eni(His  tar,  \\  host'  name; 
(k'Sirves  a  l)ett('r  fate  than  the  oldivion  into  wliieli  it 
liiis  faHen,  attained  this  oliji-et  i)y  '"arniin,!^"  the  l)ottoni 
of  tlie  lejid  with  a  luni[)  ot"  ;^"rease,  ti)  which  nior*'  or  K'ss 
of  the  sand  or  nuid,  or  hroken  shells,  as  the  ease  nii^ht 
he,  adhei'ed,  and  was  l)ronght  to  tla^  surface.  I  hit, 
liuwever  well  a(hipted  such  an  a|)i)aratus  might  he  tor 
i(.)ML;h  nautical  ])urpose.s,  seientitic  a<'eui'acy  ('ouhl  not  l)e 
expected  from  {\\L^  armed  lead,  and  to  remedy  its  deh'cts 
(especially  when  a]>plied  to  sounding  in  great  de}>ths) 
Lieut.  Ih'ooke,  of  the  Anu-rican  Navy,  s(tme  years  ago 
invented  a  most  iniiciuous  machine,  l>v  which  a  consider- 
;iMo  portion  of  the  superticiid  layer  of  the  sea-bottom 
(.;iiii  he  scooped  out  and  brought  up,  irom  any  depth  to 
which  tlie  lead  descends. 

Ill  IS."}:?,  Lieut,  lirooke  obtained  mud  from  the  bottom 
of  the  North  Athmtic,  between  Newfoundland  and  the 
Azores,  at  a  depth  of  more  than  10,000  feet,  or  two 
mik'S,  by  tlie  help  of  this  sounding  {i[)])aratus.  The 
specimens  Avere  sent  for  examination  to  J'jhreiiberg  of 
Berlin,  and  to  Bailey  of  West  Point,  and  those  able 
microseopists  found  that  this  dee})-sea  mud  was 
almost  entirely  composed  of  the  skeletons  of  living- 
organisms — the  greater  pro[)ortion  of  these  being  just 
like  the  Glohiijarune  already  known  to  occur  in  tlu; 
chalk. 

Thus  far,  the  work  had  l)een  carried  on  simply  in  the 
interests  of  science,  but  Liimt.  Jirooke's  method  of  sound- 
hig  acfpiired  a  high  commercial  value,  when  tlu^  enter- 
prise of  laying  down  the  telegra})h-cable  between  this 
country  and  tlie  United  States  was  undertaken.  For 
it  became  a  matter  of  immense  importance  to  know, 
not  only  the  depth  of  the  sea  over  the  whole  line  along 
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wliich  tlio  r'jil)l('  wjis  to  ])o  I'M,  Imt  tlio  cxjiot  iintuiv  of 
the  bottom,  so  jis  to  "[iijird  a<i,;iinHt  clianccs  of  cutting;  or 
fraying  the  stijiiids  of  tluit  costly  Vi)\H\  Tlic  A<liniraliv 
consc'cjiiciitly  ordered  Captain  Dayman,  an  old  friend  imd 
shipmate  of  mine,  to  ascertain  the  depth  over  the  whole 
line  of  th(!  cahle,  and  to  hrino-  hack  specimens  of  the 
hottom.  In  former  days,  such  a  command  as  this  nii^lit 
have  sonnded  very  much  like  one  of  the  impossilile  things 
which  the  young  prince  in  the  Fairy  Tales  is  ordered  to 
do  before  he  can  obtain  the  hand  of  the  l*rincess.  1  low- 
ever,  in  the  months  of  June  and  July  1S.")7,  my  fi'ieiid 
performed  tin;  task  assigned  to  him  with  great  exjK'dition 
and  precision,  without,  so  far  as  I  know,  having  met  with 
'dwy  i'e\var<l  of  that  kind.  The  s[)ecimens  of  xVtluiitic 
mud  which  he  procured  were  sent  to  me  to  be  exaniiiii'd 
and  re}Hjrted  upon.^ 

The  result  of  all  these  operations  is,  that  we  know  the 
contours  and  the  nature  of  the  surface-soil  covered  l)y 
the  North  Atlantic,  for  a  distance  of  1,700  miles  from 
east  to  west,  as  well  as  we  know  that  of  any  })art  of 
the  dry  land. 

It  is  a  prodigious  plain — one  of  the  widest  and  most 
even  plains  in  the  w^orld.  If  the  sea  were  drained  off, 
you  might  drive  a  wagon  all  the  way  from  ^'alentia,  on 
the  west  coast  of  Ireland,  to  Trinity  Bay,  in  Newfound- 
land. And,  except  upon  one  sharp  incline  about  200 
miles  from  Valentia,  I  am  not  quite  sure  that  it  would 
even  be  necessary  to  put  the  skid  on,  so  gentle  arc  the 
ascents  and  descents  upon  that  long  route.    From  Valentia 
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^  See  Appendix  to  Captain  Dayman's  *'  Deep  Sea  Soundings  in  the  North 
Atlantic  Ocean,  between  Ireland  and  Newfoundland,  made  in  H.M.S. 
Cyclo2)s.  Published  by  order  of  the  Lords  Commissioners  of  the  Admiralty, 
1858."  They  have  since  formed  the  subject  of  an  elaborate  !Memoir  by 
Messrs.  Parker  and  Jones,  published  in  the  Philosophical  Transactions  for 
1865. 
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the  road  would  lie  down  liill  (or  ;dtout  JOO  miles  to  the 
lioint  at  wliicii  the  l)ottoin  is  now  coNcrcd  I>y  1,7(M) 
iatlioins  of  soa-watiT.  Tlicn  would  conir  tin-  ((iitral 
nlain,  more  lliaii  ii  tliousand  miles  wide,  the  iiiiMpialitics 
(if  tlu'  .siirfaco  of  M'liicli  would  lie  hardly  jM-rccptiKlc, 
tli<»U]Lih  the  d('[»th  of  water  upon  it  now  varies  from 
10,000  to  I. "3, 000  feet;  and  there  are  phiees  in  which 
\h)nt  lUaiic  nu<;ht  l)e  sunk  without  sliowin^'  its  |»eak 
aliovo  water.  iJeyond  this,  the  ascent  on  the  American 
side  commences,  and  gradually  leads,  for  about  DOO 
miles,  to  the  Xewfoundhnid  shore. 

Almost  the  wliok;  of  the  bottom  of  this  central  plain 
(which  extends  for  many  hundred  miles  in  a  north  and 
south  direction)  is  covered  by  ti  fine  mud,  which,  when 
lirought  to  the  surface,  dries  into  a  gi-eyish-white  friable 
subs'ance.  Yt)U  can  ^vrite  with  this  on  a  blackboard,  if 
yuu  are  so  inclined  ;  and,  to  the  eye,  it  is  quite  like  very 
soft,  greyish  chalk.  Examined  chemically,  it  proves  to 
be  composed  almost  wholly  of  carbonate  of  lime  ;  and  if 
you  make  a  section  of  it,  in  the  same  way  as  that  of  the 
piece  of  chalk  was  made,  and  view  it  with  the  micro- 
scope, it  presents  innuuicrable  (flobirjcruKV,  embedded 
in  a  granular  matrix. 

Thus  this  deep-sea  mud  is  substantially  chalk.  I  say 
substantially,  because  there  arc  a  good  many  minor  dif- 
ferences :  but  as  these  have  no  bearing  on  the  question 
immediately  before  us, — which  is  the  nature  of  tlu^ 
(Jlohigerince  of  the  chalk, — it  is  unnecessary  to  speak 
of  them. 

GlohigerincB  of  every  size,  from  the  smallest  to  the 
largest,  are  associated  together  in  the  Atlanti<:  mud,  and 
the  chambers  of  many  are  filled  by  a  soft  animal  matter. 
This  soft  substance  is,  in  fact,  the  remains  of  the  creature 
to  which  the  Giohigcruta  shell,  or  rather  skeleton,  owes 
its  existence — and  which  is  an  animal  of  the  simplest 
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iniMt^in.'iMc   (Icscriptinn.     \{  is,   in  fiirf,  ;i   mciT  |»;ii'tiil, 
'A'  living-  jelly,   witlioiit    <l<Tnn'(I    |.;irts   of  .•my   kin,! 
witliniit    .'I    iiKtiitli,   nerves,   iiuisclt's,  or   (listiiid    (H"L:;iih. 
.'iikI  only  m;iiiir('siiii<^r  i(s  vit.ility  In  (H'Jiiinrs'  nhsci'x.ition 
l>y   tlinisliiii''  (Hit,   ;iii(l   rclractiiin'   tVuii)    ;ill    |»;irls  of  it- 

Uirfilce,   lollU'  filjimelltous   pl'itecsscs,   wliicji  ser\<'  jnl'  ;iriib 

\v\  ihis  ,'iinni-|»|i()iis  |i;irlie|f',  dcsoifl  «»r  r\(iv- 
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e;ij)Mli|e   of    recdillii',   t^Tnuin^,  ;iii(l    limit  i|tlyiliL!,- :    (tf  sr|.;i 
r;iliii_i(  from  the  (»e(';iii  the  snwill   |tr()|>nrtinn  n)'  r.'irlKin.ii, 
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1)uil(liiiu;  iij)  tliiit  siihstMiiec  into  Ji  skelctnn  for  iisdf. 
aefjordiiiLj,'  to  ji  piittcrn  which  cmh  1»e  imitated  hy  im 
othei'  kiinwn  agency. 
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HCii,  at  the  vast  de[>ths  from  which  apparently  liviii'i 
(tloft/'f/criiHtJ  have  hccn  hroiieiit  np,  does  not  ai;ree  vcrv 
well  with  oni-  nsiial  conceptions  i-espcctini;- the  conditioih 
of  {iniinal  life  ;  and  it  is  not  so  uhsolntely  impossihic  ;i> 
it  nii<^ht  ut  lii'st  si^ht  ajtpear  to  l)e,  that  the  (^/Dlit'i/criiKi 
of  tli(!  Atlantic  sea-l>ottom  do  not  li\'c  and  di(;  wIk  iv 
tiiey  are  I'ouiid. 

As  I  have  mentioned,  the;  soundings  from  tlic  Ciivnt 
Atlanti(;  plain  are  almost  entirely  niadc^  up  of  <ih>hl- 
(jcrtiKC,  with  the  oraiudes  which  lia\t.'  heeii  meiitioiKMl. 
and  some  few  other  calcareous  sliells;  Imt  a  small  pcr- 
<;('iitau,o  of  the  (tliidky  mud — pcrliajts  at  most  some  liv 
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r  c(!iit.  of  it — is  of  a  dilfercnt  ]iatiire,  and  consists  (il 


shells  and  skeletons  composed  of  silex,  or  ])ur<'  flint.  Tlusi 
silic.ious  bodies  beloiiij;'  pai'tly  to  the  lowly  vei^ctahlc 
organisms  which  are  ealled  JJuftoruaccw,  and  partly  to 
the    minute,    and    extremely   sinijde,    animals,    teriniil 


liadiola }•[((.     h  is   (piitc    certain    that    these    ereatui 
do    not    live    at    tlnj    bottom    of   the   ocean,    but  at  its 
surface — where    tliey   may    be    obtained    in    })rodigioib 
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iniiiil»'r>*    i'V    iIm'    usi'    of    ji    |)r(t|H'ily    coiislnicli d    net. 

IfclU't'  it  ('i>II(i\vs  tllMf  tlir-;r  siljciniis  «»ri|;inisins,  tl|(»ll!j,li 
ihrV  ill'*'  lint  lic;i\ic|'  tllilll  lln'  li^Ilh'sl  «|llst,  iMUft  ll.'IN'c 
filllcll,    ill    sniiic    CMSf's,    tlir<»UL!;ll    liriiM'M    tlinus;ill(l     fret    nf 

w.ifcr,  hcCorc  tlify  rciclicil  their  liiml  ivstiiiL;-|tl;ir('  on 
ilic  (M'CMii  lloor.  AikI,  cniisiilcriiin-  Imw  Vav^h'  ;i  smTiwo 
ihcsc  IxMlics  (XjKtsc  ill  |irn|»nrti()ii  tu  their  wri'^hl,  it 
is  |ti'nii;il»h'    th.it    thf'v  occujiy  ji   fri'ciit   length   of    lime 
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III  iniikiii'j"  their  liiirial    louriK'v  troiii  the  surliiri-  a 
Atl.intic  to  the  Itottom. 

Hut  if  the  li'Kl'iuhnni  ;iii(l   Diatnius  arc   thus   rained 

Ujioli    the    Itolloni    of    the    kc;i,    IVolU    the    sU)M'lTlei,il    hlVer 

iif  its  waters  in  which  th<'y  ]»ass  their  lives,  it  is  oli- 
vidusly  possil.h-  that  the  ( f/ithif/crimn  may  lie  similarly 
derived;  and  ii'  llicv   were  so,  it,  would    he  nuieji   uunv. 


ciisy  to  undrrstaiid  how  they  ohtain  their  supply  of  food 
tli;iii  it  is  at  jtresent.  Ne\'ertlieless,  the  positive  and 
iieualiv(!  esiddiee  all  pniiits  tin;  other  wav.  Tlu; 
skeletons  of  the  full-^rowii,  (h'ej)-sea  ( t/()hi(/rrnH(>  are 
so  reniarkahly  solid  and  hea\y  in  ]»roportinn  to  their 
sui'faec;  as  to  seeiii  little  lit  ted  for  lloatiiiu,";  and,  as  a 
matter  of  fact,  tlievare  not  to  be  found  h1oii!>- with  the 
Diatoms  and  /i'n/l(}lm'i(t,  in  the  U[»[)e)nio.st  stratum  of 
th 


le  open  ocean. 


»1 
It  has  heen  ohscrved,  aeaiii,  tliat    the  al)iindance   of 

fllohiijcrliur,    in    ])ro[»ortion  to    other  organisms  of  like 

kind,    iiKti'eases   with   the   dej»th   of   the  .sea  ;    and   that 

fleep-water  (ihtbifjcrtiKV.  are  larger  tluiii  tliose  which  live 

ill  shallower  jiarts  of  the   sea  ;  and  sueli    facts  negative 

tlie  supposition  that  these  (organisms  have;  l)e(tn  .swept  l)y 

f'urrents  from  the  shadows  into  the  (h'e])S()f  the  Atlantic. 

It  therefore  seems  to  ])e  liardly  (h)ul>tful   that   these; 

wondciful  creatures  live  and  die  tit  the  depth.s  in  which 


th 


J  ar« 


found. 


During  tlio  cruise   of    II. M.S.    IhiU-doj,  connntuidcJ  l)y   Sir  Leopold 
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Howovcr,  the  im})ortant  ixuiits  for  ns  are,  that  tin- 
living  (ilohitjcrince  are  ex^'lusivcly  marine  animals,  the 
skeletons  of  which  abound  at  the  bottom  of  deep  seas ; 
and  that  there  is  not  a  sliadow  of  reason  ibr  beHevino- 
that  tli(.'  ha1)its  of  the  (ilob'Kjer'incc  of  the  chalk  diifered 
from  tlios(.'  of  the  existing  s})ecies.  lUit  if  this  l»e  true, 
there  is  no  escaping  the  conchision  tliat  the  elialk  itself 
is  the  dried  mud  of   an  ancient  deep  sea. 

In  workino-  over  tlie  soundiniiS  collected  l)y  Captain 
Dayman,  I  was  sur[)rised  to  fin<l  that  many  of  wliat 
I  have  called  the  "granules"  of  that  mud,  were  not,  as 
one  miglit  have  been  tempted  to  think  at  first,  the  meiv 
jiOAvder  and  waste  of  (jlohii/erii((i\  ])Ut  that  they  had  a 
definite  foi*m  and  size.  I  termed  these  bodies  '' eocco- 
liihs,"  and  doubted  tlieir  oroanic  nature.  Dr.  AValhcli 
verified  my  observation,  and  added  the  interesting 
discoveiy  that,  not  unfreijuently,  bodies  siniilai'  to  these 
"  coecoliths ''  were  a<2;2:reiT:ated  towtlier  into  s])heroiels. 
Avhich  lie  termed  "  coccosj)Ji(>r('S."  tSo  far  as  we  knew, 
these  bodies,  the  nature  of  which  is  extremely  puzzling 
and  problematical,  were  peculiar  to  the  Atlantic 
soundino's. 

But,  a  few  years  ago,  ^Ir.  Sorby,  in  making  a  careful 
examination  of  the  chalk  by  means  of  thin  sections  and 
otherwise,  observed,  as  Ehrenberg  had  done  before  him, 
that  much  of  its  granular  basis  possesses  a  definite  form. 
Comparing    these   formed   ]^>articles    with  those   in    the 


^I'Clintock,  in  I8(i(),  livinjr  star-fish  were  Lrou^lit  up,  clin(,anfT  to  the  lowest 
part  of  the  souiuliii<f-line,  from  a  depth  of  l,:2(iO  fathoms,  midway  between 
Cape  Farewell,  in  Greenland,  and  the  Rockall  banks.  Dr.  Wallieh  ascertained 
that  the  sea-bottom  at  this  point  consisted  of  the  ordinary  (ilohigcrina  oo/e, 
and  that  the  stomachs  of  the  star-fishes  were  full  of  (Hohvjerino'.  This 
discovery  removes  all  ol)jections  to  the  existence  of  living  iHohiqcrino-  at 
jrreat  depths,  which  are  based  upon  the  supposed  difiiculty  of  maintaining 
animal  life  under  such  conditions  ;  and  it  throws  the  burden  of  proof  upon 
those  who  object  to  the  supposition  that  the  Globiyeriiuc  live  and  die  where 
they  are  found. 
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Atlantic  soundings,  lie  found  the  two  to  be  identical  ; 
and  thus  pi'o\Td  that  the  chalk,  like  the  soundings, 
coiitiuns  these  mysterious  coccoliths  and  coceosj)hei'es. 
Here  was  a  further  and  a  most  interesting  confirmation, 
from  internal  evidence,  of  the  essential  identity  of  the 
chalk  witli  modern  deep-sea  mud,  Ufobifjcriufr,  cocco- 
liths, and  coceospheres  are  found  as  the  chief  constituents 
of  huth,  and  testify  to  the  general  similaiity  of  the  con- 
ditions under  which  both  have  been  formed.^ 

The  evidence  furnished  by  the  hewing,  facing,  and 
superposition  of  the  stones  of  the  Pyramids,  that  these 
structures  were  built  l)y  men,  has  no  gi'eater  weight 
than  the  evidenc(i  that  the  chalk  was  built  by  Glohi- 
ijcn'ricr ;  and  the  belief  that  tluxse  ancient  pyramid- 
huilders  were  terrestrial  and  air-breathing'  creatures  like 
ourselvTs,  is  not  l)etter  based  than  the  conviction  ihat 
the  chalk-makers  lived  in  the  sea. 

Jjut  as  our  belief  in  the  building  of  the  Tyramids  by 
men  is  not  only  grounded  on  the  intenud  evidence 
afforded  by  these  structures,  but  gathers  strength  from 
multitudinous  collateral  proofs,  and  is  clinched  by  the 
total  absence  of  any  reason  for  a  contrary  belief;  so  the 
evidence  drawn  from  the  (jloher'KjuuP  that  the  chalk  is 
an  ancient  sea-bottom,  is  fortified  by  innumerable  inde- 
pendent lines  of  evidence  ;  and  our  belief  in  the  truth 
of  the  conclusion  to  which  all  positive  testimony  tends, 
receives  the  like  negative  justification  from  the  fact  that 
no  other  hypothesis  has  a  shadow  of  foundation. 

It  may  be  worth  while  briefly  to  consider  a  few  of 
these  collateral  proofs  that  the  chalk  was  deposited  at 
the  bottom  of  the  sea. 


•  '■  I 
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'  I  have  recently  traced  out  the  dovelopnient  of  the  "coccoliths  ''  from  a 
diameter  of  7^o,)th  of  an  inch  up  to  their  lart^cst  si/.e  (which  is  aljout  ,jiootli)) 
and  no  longer  doubt  that  they  are  produced  by  independent  organitnis,  which, 
like  the  Globigtrina;,  live  ana  die  at  the  bottom  of  the  .sea. 
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The  great  mass  of  tlie  cluilk  i>^  eoiiiposed,  as  we  liavc 
seen,  of  the  nki^lctoiis  of  (rlohifjcrijur,  and  otlier  simple 
organisms,  imliedcled  in  granular  matter.  Here  uiid 
there,  lunvever,  this  lianh'ned  mud  of  tlie  ancient  sea 
reveals  the  remains  of  higher  animals  which  have  lived 
and  died,  and  left  their  hard  ])arts  in  the  mud,  just  as 
the  oysters  die  and  leave  their  shells  behind  them,  in  the 
mud  of  the  present  seas. 

^riiere  are,  at  the  present  day,  certain  groups  of  animals 
which  an  never  found  in  fresh  waters,  heiuL!,"  una])le  to 
live  anywhere  hut  in  the  sea.  Such  are  the  corals  ;  those 
corallines  which  are  called  I^oli/zoa  ;  those  ci-eatui-cs 
which  faltricate  the  lam])-shells,  and  are  calle(l  Jirnchiu- 
jxxla  ;  the  ])eai-ly  Xanfi/iis,  and  all  animals  allied  tu 
it;  and  all  the  forms  of  sea-urchins  and  stai'-tishes. 

Not  oidy  are  all  these  criiatures  conlined  to  salt  water 
at  the  })reseiit  day  ;  hut,  so  far  as  our  records  of  the  past 
m^,  the  con<litions  of  their  existence  have  been  the  same: 
hence,  their  oceuri'cnce  in  any  deposit  is  as  stroiiL; 
evidence  as  can  he  obtained,  that  that  deposit  was 
formed  in  the  sea.  Now  the  remains  of  animals  of  all 
the  kinds  which  have  been  enumevated,  occur  in  the 
chalk,  in  greater  or  less  abundance  ;  while  not  one  of 
those  forms  of  shell-fish  which  are  characteristic  of  fresh 
wat(^r  has  yet  been  observed  in  it. 

AVhen  we  consider  that  the  remains  of  more  than  three 
thousand  distinct  ftpecies  of  arpiatic  ajiinials  liaAc  l)ceii 
discovered  amono-  the  fossils  of  the  chalk,  that  the  i»Teat 
majority  of  them  are  of  such  forms  as  are  now  mi^t  with 
only  in  the  sea,  and  that  there  is  no  reason  to  bidievi' 
that  anyone  of  them  inhabited  fresh  water — the  collateral 
evidence  that  tlie  chalk  represents  an  ancient  sea-bottuni 
acquires  as  great  force  as  the  proof  derived  from  the 
nature^  of  the  chalk  itself.  I  think  you  will  now  allow- 
that  1  did  not  overstate  my  case  when  I  asserted  that 
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we  have  as  strong  gronnds  for  iK'lieviiig  that  all  the  vast 
area  of  dry  land,  at  ])r('sent  oc('iii)ied  by  the  chalk,  was 
once  at  the  bottom  of  the  sea,  as  we  have  for  anv  matter 
of  history  whatever  ;  while  there  is  no  justilication  for 
any  other  belief 

No  less  certain  is  it  that  the  time  durinir  which 
the  countries  we  now  call  south-east  England,  France, 
Germany,  Poland,  liussia,  Egypt,  Aral»ia,  Syria,  were 
more  or  less  com])letely  covered  by  a  <h^ep  sea,  was  of 
consi deral )le  duration. 

We  have  already  seen  that  the  chalk  is,  in  phices, 
more  than  a  thousand  feet  thick.  I  think  you  will 
aoTce  with  me,  that  it  must  have  taken  some  time  f(^r 
the  skeletons  of  animalcules  of  a  hundredth  of  an  inch  in 
diameter  to  heap  up  such  a  mass  as  that.  1  have  said 
that  throuoliout  the  thickness  of  the  chalk  the  remains 
of  other  animals  are  scattered.  These  remains  are  often 
in  the  most  exquisite  state  of  preservation.  The  valvTS 
of  the  shell-fishes  arc  commonly  adherent  ;  the  long 
s[)ines  of  some  of  the  sea-urchins,  whic^h  would  be  de- 
tached by  the  smallest  jar,  often  remain  in  their  places. 
In  a  wordj  it  is  certain  that  these  animals  have  lived 
and  died  when  the  ])lace  which  they  now  occupy  was 
the  surface  of  as  much  of  the  chalk  as  had  then  been 
deposited  ;  and  that  each  has  been  covered  up  by  the 
layer  of  Glohiijcrhia  mud,  upon  which  the  creatures 
inil)edded  a  little  higlier  up  have,  in  like  maimer,  lived 
and  died.  But  some  of  these  remains  prove  tln^  existence 
of  reptiles  of  vast  size  in  the  chalk  sea.  These  lived 
their  time,  and  had  their  ancestors  and  descendants, 
which  assuredly  implies  time,  reptih.'s  being  of  slow 
growth. 

There  is  more  curious  evidence,  again,  that  the  process 
of  covering  up,  or,  in  other  words,  the  de[)osit  of  (Jlohl- 
(jerina  skeletons,  did  not  go  on  very  fast.     It  is  demon- 
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strable  thtat  an  animal  of  the  cretaceous  sea  might  dio, 
that  its  skeleton  might  lie  uncovered  u})()n  the  sca-1  xjttom 
long  enough  to  lose  all  its  outward  coverings  and  appen- 
dages l)y  putrefaction  ;  and  that,  after  this  had  happened, 
another  animal  might  attach  itself  to  the  dead  and  naked 
skeleton,  might  grow  to  maturity,  and  might  itself  die 
before  the  calcareous  mud  had  buried  tlie  whole. 

Cases  of  this  kind  are  admirably  described  by  Sir 
Charles  Lyell.  He  speaks  of  the  frequency  with  which 
geologists  find  in  the  chalk  a  fossilized  sea-urchin,  to 
which  is  attached  the  lower  valve  of  a  Crania.  This 
is  a  kind  of  shell-fish,  Avith  a  shell  composed  of  two 
pieces,  of  which,  as  in  the  oyster,  one  is  fixed  and  the 
other  free. 

"  The  upper  valve  is  almost  invariably  wanting, 
though  occasionally  found  in  a  perfect  state  of  j)re- 
servation  in  the  white  chalk  at  some  distance.  In  this 
case,  we  see  clearly  that  the  sea-urchin  first  lived  from 
youth  to  age,  then  died  and  lost  its  spines,  which  Avere 
carried  away.  Then  the  young  Crania  adhered  fo  the 
bared  shell,  grew  and  perished  in  its  turn  ;  after  which, 
the  upper  valve  was  separated  from  the  lower,  before 
the  Echinus  became  enveloped  in  chalky  mud."  ^ 

A  specimen  in  the  Museum  of  Practical  Geology,  in 
London,  still  further  prolongs  the  period  which  must  have 
elapsed  between  the  death  of  the  sea-urchin,  and  its  burial 
by  the  Glohlgerlnce.  For  the  outward  face  of  the  valve  of 
a  Cra)ila,  which  is  attached  to  a  sea-urchin  (Mlcraster), 
is  itself  overrun  by  an  incrusting  coralline,  which  spreads 
thence  over  more  or  less  of  the  surface  of  the  sea-urchin. 
It  follows  that,  after  th(^  upper  valve  of  the  Crania  fell 
off,  the  surfiice  of  the  attached  valve  must  have  remained 
exposed  lonjx  enouo^h  to  allow  of  the  orowth  of  the  whole 
coralline,  since  corallines  do  not  live  imbedded  in  mud. 
1  "Elomciitsof  Geology,"  by  Sir  Charles  Lyell,  Bart.  F.R.S.,  p.  23. 
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The  progress  of  knowledge  may,  ciViO  day,  en«^ljle  \\9, 
to  deduce  from  sucli  facts  as  these  the  maximum  rate 
at  which  the  chalk  can  have  accumulated,  and  thus  to 
arrive  at  the  minimum  duration  of  tlie  chalk  j)eriod. 
Suppose  that  the  valve  of  the  Crania  \\\m)\\  which  a 
coralline  has  fixed  itself  in  the  way  just  described,  is  so 
attached  to  the  sea-urchin  that  no  part  of  it  is  more  than 
an  inch  ahovc  the  fiice  upon  which  the  sea-urchin  rests. 
Then,  as  the  coralline  could  not  have  fixed  itself,  if  the 
Crania  had  been  covered  up  with  chalk  mud,  and 
could  not  have  lived  had  itself  been  so  covered,  it  foHows, 
that  an  inch  of  chalk  mud  could  not  have  accumulated 
within  the  time  between  the  death  and  decay  of  the  soft 
parts  of  the  sea-urchin  and  the  growth  of  the  coralline  to 
the  full  size  which  it  has  attained.  If  the  decay  of  the 
soft  parts  of  the  sea-urchin ;  the  attachment,  growth  to 
maturity,  and  decay  of  the  Crania;  and  the  sul)sequent 
attachment  and  growth  of  the  coralline,  took  a  year 
(which  is  a  low  estimate  enough),  the  accumulation  of 
the  inch  of  chalk  must  have  taken  more  than  a  year : 
and  the  deposit  of  a  thousand  feet  of  chalk  must, 
consequently,  have  taken  more  than  twelve  tliousand 
years. 

The  foundation  of  all  this  calculation  is,  of  course,  a 
knowledo'c  of  the  lenojth  of  time  the  Crania  and  the 
coralline  needed  to  attain  their  full  size  ;  and,  on  this 
head,  precise  knowledge  is  at  present  wanting.  Ihit 
there  arc  circumstances  which  tend  to  show,  that  nothing 
like  an  inch  of  chalk  has  accumulated  during  the  life  of 
a  Crania  ;  and,  on  any  probable  estimate  of  the  length 
of  that  life,  the  chalk  period  must  have  had  a  much 
longer  duration  than  that  thus  roughly  assigned  to  it. 

Thus,  not  only  is  it  certain  that  the  chalk  is  tlie  mud  of 
an  ancient  sea-bottom  ;  but  it  is  no  less  certain,  that  the 


•    J 


i  3 


liii : 


192 


LAY  SERMONS,  ADDRESSES,  AM)  REVIEWS 


[,x. 


I  M 


chtilk  sea  existed  Juriiip^  an  extremely  long  period,  tlioii^fli 
we  ni.ay  not  ])e  prepared  to  give  a  preeise  estimate  of  the 
length  of  that  period  in  years.  The  relative  dui'atioii  Ls 
clear,  though  the  al)solute  duration  m.iy  not  l)e  detin;il)k'. 
The  attempt  to  affix  any  preeise  date  to  the  })erio(l  at 
which  the  chnlk  sea  began,  or  envied,  its  existence,  is 
hafHed  by  difHculties  of  the  sanu;  kind.  But  tlie  rela- 
tive age  of  the  cretaceous  epoch  may  he  determined 
with  as  great  case  and  certainty  as  the  long  duration 
of  that  e})och. 

You  Avill  have  heard  of  the  interesting  discoveries 
recently  mtide,  in  various  parts  of  Western  Eurojx",  of 
flint  implements,  obviously  worked  into  sha])e  l)y  lunnau 
hands,  under  circumstances  which  show  conclusively  tliiit 
man  is  a  very  ancient  denizen  of  these  regions. 

It  has  been  })roved  that  the  old  po])ulations  of  Europe, 
whose  existence  has  been  revealed  to  us  in  this  way,  con- 
sisted of  savages,  such  as  the  Es(juimaux  are  now  ;  that, 
in  the  country  which  is  now  Fj-ance,  they  hunted  the 
reindeer,  and  were  familiar  with  the  ways  of  the  mam- 
moth and  the  bison.  The  physical  geography  of  France 
was  in  those  days  different  from  what  it  is  now — the 
river  Somme,  for  instance,  having  cut  its  bed  a  hundred 
feet  deeper  between  that  time  and  this ;  and,  it  is  pro- 
bable, that  the  climate  was  more  like  that  of  Canada 
or  Siberia,  than  that  of  Western  Eur(jpc. 

Tlie  existence  of  these  people  is  forgotten  even  in  the 
traditions  of  the  oldest  historical  nations.  The  name 
and  fame  of  them  had  utterly  vanished  until  a  few 
years  back ;  and  the  amount  of  physical  change  which 
has  been  effected  since  their  chay,  renders  it  more  than 
probable  that,  venerable  as  are  some  of  the  historical 
nations,  the  workers  of  the  chipped  flints  of  Hoxne  or 
of  Amiens  are  to  them,  as  they  are  to  us,  in  point  of 
antiquity. 
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But,  if  wc  assign  to  these  hoar  relies  of  long-vninshed 
ffonerations  of  men  the  greatest  ag(i  that  can  ])ossil)ly  be 
claimed  for  them,  they  arc  not  oUler  than  tlie  drift,  or 
boulder  clay,  Avhieh,  in  comparison  with  the  chalk,  is 
but  a  very  juvenile  deposit.  You  need  go  no  further 
than  your  own  sea-board  for  evidence  of  this  fact.  At 
one  of  the  most  charming  spots  on  the  coast  of  Norfolk, 
Cromer,  you  will  see  the  boulder  clay  forming  a  vast 
mass,  which  lies  ui)on  the  chalk,  and  must  conscipiently 
have  come  into  existence  after  it.  Huge  boulders  of 
chalk  are,  in  fact,  included  in  the  clay,  and  have  evi- 
dently been  brought  to  the  position  they  now  occupy, 
hy  the  same  agency  as  that  which  has  planted  blocks  of 
syenite  from  Norway  side  by  side  with  them. 

The  chalk,  then,  is  certainly  older  than  the  boulder 
flay.  If  you  ask  how  much,  I  will  agnin  take  you  no 
further  than  the  same  spot  upon  your  own  coasts  for 
evidence.  I  have  spoken  of  the  boukhu'  clay  and  drift 
as  resting  upon  the  chalk.  That  is  not  strictly  true. 
Interposed  between  th(3  chalk  and  the  drift  is  a  compa- 
ratively insignificant  layer,  containing  vegetable  matter. 
But  that  layer  tells  a  wonderful  history.  It  is  full  of 
stumps  of  trees  standing  as  they  grew.  Fir-trees  are 
there  with  their  cones,  and  hazel-bushes  with  their  nuts  ; 
there  stand  the  stools  of  oak  and  yew  trees,  beeches  and 
alders.  Hence  this  stratum  is  appropriately  called  the 
"  forest-bed." 

It  is  obvious  that  the  chalk  must  have  been  upheaved 
and  converted  into  dry  land,  before  the  timber  trees 
could  grow  upon  it.  As  the  bcdls  of  some  of  these  trees 
are  from  two  to  three  feet  in  diameter,  it  is  no  less  clear 
that  the  dry  land  thus  formed  remained  in  the  same 
condition  for  long  ages.  And  not  only  do  the  remains 
of  stately  oaks  and  well-grown  firs  testify  to  the  duration 
of  this  condition  of  things,  but  additional  evidence  to 
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(ho  snnio  (>fT('ct  is  nn'orclcd  by  tlic  nl' "uliuit  romains  df 
eiophaiils,  rliinoccroscs,  liinpopotaiiniscs,  and  other  ii\v\\\, 
wihl  lu'asts,  which  it  lias  yichlcd  to  the  zealous  scaivii  of 
sudi  nicii  as  th(^  Kcv.  Mr.  (Jiimi. 

When  you  look  at  such  a  collection  as  he  has  foiino]^ 
and  bethink  you  that  these  <'le])liantine  hones  did  verilahly 
carry  their  owners  about,  and  these  i»;reat  ij-rinderscrniK'ii. 
in  the  dark  woods  of  which  the  Ibi'est-bed  is  n(>w  the, 
ordy  ti'ace,  it  is  impossible  not  to  ie«'l  that  they  arc  as 
good  evidence  of  the  la[)se  of  time  as  the  annual  riiiy.s 
of  the  tree-stumps. 

Thus  there  is  a  writing  upon  the  wall  of  clitls  ;it 
Cromei',  and  whoso  runs  may  read  it.  It  tells  us,  with 
an  authority  which  (lannot  be  impeached,  that  tlio 
ancient  sea-lxnl  of  the  chalk  sea  was  raised  up,  and 
nmiained  diy  land,  until  it  was  covered  with  forest, 
►stocked  with  the  gi'cat  gjnue  whose  spoils  luivc  rejcticcd 
your  geologists.  How  long  it  remaine(l  in  that  condition 
cannot  be  said  ;  but  "  the  whirli<»i<»-  of  time  brou<»ht  its 
revenges  ■'  in  those  days  as  in  these,  'iliat  dry  land, 
with  the  bones  and  teeth  of  generations  of  loni>-liv('d 
elephants,  hidden  away  among  the  gnaided  roots  and  dry 
leaves  of  its  ancient  trees,  saidv  gradually  to  the  bottom 
of  the  icy  sea,  wdiicdi  covered  it  with  huge  masses  of 
drift  and  bouhlcr  clay.  Sea-beasts,  su(di  as  the  walrus, 
now  restricted  to  the  extreme  north,  paddled  alxjut  wliciv 
birds  had  twittered  anumo-  the  to])niost  twii>s  of  the  tir- 
trees.  How  lonix  this  state  of  thini»s  endui'ed  we  know 
not,  but  at  length  it  came  to  an  end.  The  upheaved 
ghudal  BRid  hardened  into  the  soil  of  modern  Norfolk. 
ForestS|i^rew  once  nu)re,  the  wolf  and  the  beaver  re- 
placed tli^i  reindeer  and  the  chphant  ;  and  at  hnigtli 
what  wc  call  the  history  of  England  dawned. 

Thus  you  have,  within  the  limits  of  your  own  county, 
proof   that  the   chalk   can  justly   claim  a   very  muili 
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(Tr(\'it(T  suiticjuity  tlinn  ovon  tlio  oldest  ])liysi('{il  traces  of 
iiijiiikiiid.  1)111  we-  may  <i;o  furtlier  and  (lefiionstrate,  by 
("VKleiiee  of  tlie  same  authority  as  that  which  testifies  to 
the  existeiie(^  of  the  fath<'r  of  men,  tliat  the  (thalk  is 
vastly  older  than  Adam  himself. 
The  I'ook  of  ( Jeiiesis  informs  ns  tliat  Adam,  imniediatelv 


upon  his  creation,  and  helore  the  apjx'araiKM!  oi  J^jNc,  was 
idaccd  in  tlu^  (Janlen  of  l^](|  'ii.  The;  prohiem  of  th(j 
n('()o;raphical  ])osit.i(  i  of  l*]den  lias  greatly  vexed  the 
spirits  of  the  h'ai'ned  in  snctli  matti^is,  hut  there  is  one 
jioiiit  res})ectin,!jj  which,  so  far  as  I  know,  no  comm<'ntator 
has  ever  raised  a  doul)t.  This  is,  that  of  the  I'onr  rivers 
which  are  said  to  run  out  of  it,  J^'uph rates  and  lliddekel 
arc  identical  with  the  I'ivers  now  known  by  the  names  of 
Euphrates  and  Tigi'is. 

Ihit  the  whole  country  in  which  tliese  luiglity  rivers 
take    their    origin,    and    through    which    they    run,    is 


coniposi 


'd  of  rocks  which  an^,  either  of  the  same  aire  as 


tiu;  clialk,  or  of  later  date.  So  that  the  chalk  must  not 
only  have  been  forme(l,  but,  after  its  formation,  tin;  time 
required  for  the  deposit  of  these  later  rocks,  and  for  their 
upheaval  into  dry  land,  must  have  ((lapsed,  before  the 
illest    brook    which   feeds   the;       -ifl  stream  of   "the 
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Tlius,  evidence  which  cannot  be  n^buttcid,  and  which 
need  not  be  strengthened,  though  if  time  permitted 
I  might  indefinitely  incrc^asc  its  quantity,  compels  you 
to  believe  that  th(^,  earth,  from  the  time  o£  the  chalk 
to  the  present  day,  has  been  the  theatre  of  nr-iseries  of 
changes  as  vast  in  their  amount,  as  they  wer^  «elow  in 
their  progress.  The  area  on  which  we  stand  has  been 
first  sea  and  then  land,  for  at  least  four  alternations  ; 
and  has  remained  in  each  of  these  conditions  for  a 
period  of  great  length. 
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Nor  liav(!  tlicKc  wondciful  nidtaniorpliosca  of  sea  into 
larnl,  and  of  land  into  sea,  been  confined  to  one  (•((rucr 
of  England.  J)ni'Ini;  iIkj  clialk  [x-riod,  or  "  d'ctaccous 
epoch,"  not  one  of  tlie  ]n-esent  «^i'eat  physical  features  of 
the  glolx^  was  in  existence.  Our  %vvA\t  mountain  laii^^cs, 
l*yrenees,  Alps,  ]lin)ahiyas,  Aiuh's,  liave  all  been  ii].- 
heaviid  since  the  chalk  was  deposited,  and  the  i'jetaceous 
sea  flowed  ov<'r  the  sites  of  Sinai  and  Ararat. 

All  this  is  (certain,  Ix'causc  rocks  of  cretaceous,  or  still 
later,  dat(!  have  shared  in  tlui  elevalory  movemeiits 
which  lifavc!  rise  to  these  mountain  chains;  and  niav 
he  foun«l  jH'i'ched  ii[),  in  some  (;ases,  many  thousand 
f(!et  high  ii[>ou  their  flanks.  \\\<\  evidence  of  eijual 
oogimey  demonstratcis  that,  though,  in  Norfolk,  the 
forest-bed  rests  directly  upon  the  chalk,  yet  it  does  so, 
not  because  the  period  at  which  the  forest  grew  imme- 
diately followed  that  at  which  the  chalk  was  formed, 
but  because  an  immense  lapse  of  tim<',  represented 
elsewhere  by  thousands  of  feet  of  rock,  is  not  indicated 
at  Cromer. 

I  must  ask  you  to  believe  that  there  is  no  less  con- 
clusive proof  that  a  still  more  prolonged  succession  of 
similar  changes  occurred,  before  the  chalk  was  deposited. 
Nor  have  we  any  reason  to  tliiidi  that  the  first  term  in 
the  series  of  these  changes  is  known.  The  oldest  scta- 
beds  preserved  to  us  are  sands,  and  mud,  and  pebbles, 
the  wear  and  tear  of  rocks  which  were  formed  in  still 
older  oceans. 

But,  great  as  is  the  magnitude  of  these  physical 
changes  of  the  world,  they  have  been  accomj)anied  by 
a  no  less  striking  scries  of  modifications  in  its  living 
inhabitants. 

All  the  great  classes  of  animals,  Ijeasts  of  the  field, 
fowls  of  the  air,  creeping  things,  and  things  which  dwell 
in  the  waters,  flourished  upon  the  globe  long  ages  before 
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tlic  clialk  was  dcpositccl.  Very  few,  liowovcr,  if  any,  of 
tlicsc  ancient  lornis  of  animal  life  were  identical  with 
these  which  now  live,  ('ertainly  not  one  of  the  hi«;hei' 
aiiiiiials  was  of  the  same  species  as  any  of  those  now  in 
existence.  'J'he  beasts  of  the  Held,  in  the  days  hefore 
the  chalk,  were  not  our  beasts  of  the  field,  nor  the  fowls 
of  th"  air  sucii  as  those  which  the  eye  (jf  men  has  seen 
flying,  unless  his  anti<[uity  dates  infinitely  fui-ther  back 
than  n(;  at  present  surmise.  If  wo  <'()ul(l  be  carried 
licick  into  those  times,  we  should  be  as  one  suddenlv 
set  down  in  Austi-alia  before  it  was  c(tlonize(l.  \\v  should 
see  mammals,  bii'ds,  re])tih's,  fishes,  insects,  snails,  and 
the  like,  clearly  reconiiis;d)le  as  such,  and  yet  not  one 
of  them  would  be  just  the  same  as  those  witli  which  we 
are  familiar,  and  many  would  be  extremely  dillerent. 

From  that  time  to  the  j»resent,  the  ])opuliition  (►f  the 
world  has  under<^'one  slow  and  gi'adual,  but  incessant, 
clianu'es.  There  has  been  no  orand  catasii-ophe — no 
destroyer  has  swe]>t  away  tlu;  forms  of  life  of  one 
period,  and  I'cplaced  them  by  a  totally  new  cication  ; 
but  one  species  has  vanished  and  another  has  taken 
its  i>lacc ;  creatures  of  one  ty[>e  of  slructuic  have 
diminished,  those  of  another  liave  increased,  as  time 
h;is  j)a.ssed  on.  And  thus,  while  the  (bH'eiTMices  between 
the  livincj  creatures  of  the  time  before  the  (dialk  and 
those  of  the  present  day  appear  startlinii',  if  placed 
side  l)y  side,  we  ai'c  led  from  one  to  the  othei"  by  the 
most  gradual  ])rogress,  if  we  follow  the  course  of  Mature 
through  the  whole  series  of  those  ridics  of  h(.'r  operations 
which  she  has  left  bcdiind. 

And  it  is  by  tin;  population  of  tlie  chalk  sea  that  the 
aneient  and  the  modern  inhabitants  of  the  woidd  are 
most  conii)letel}'*  connected.  'idic;  gi'oups  whi(di  are 
dying  out  fiourish,  side  by  side,  with  \\\(i  grou^ts  which 
are  now  the  dominant  forms  of  life. 
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TliUH  th(*  clialk  <;()Mtii"m.s  rrmiiiiis  of  tliosi^  sti'iiti-^r,. 
ilyiii<^  and  HwiiniuiiiL(  rcptih's,  llu*  ptcrodiiciyl,  tlii>  ich- 
tliyosiiinus,  and  Uk;  plcsiosaurus,  wliidi  ww.  iouiid  in  nu 
later  dcposilH,  hut  alxmiidcd  in  |nvc('diii^  jil;('.s.  The 
cliamlx'i'cd  sliclls  <;allcd  aininoiiitcs  and  Ixlt-nuiitcs, 
whi(;h  an;  so  cliarac^tci'istic  of  the  period  prccudini"-  llif 
creta(H!()us,  in  like;  nianiicr  die  with  it. 

JJut,  amongst  tlicsc;  I'adiiijjj  reiuaindci.s  of  a,  picvious 
state  of  things,  ari;  hoiik!  V(;iy  iiiodcrii  i'oiin.s  of  life, 
lookiii;;-  like  Yaiik(M'  pedlars  amon^'  a  trihe  of  |J(<1 
Indians.  (Vo(;odiles  of  model ii  tyjie  appear  ;  hony 
iislies,  inaiiy  of  tlieni  veiy  similar  to  exi.stin^  species, 
almost  sujtplant  the  forms  of  lish  which  pr«'domiiiiii.' 
in  moi'e  ancient  S(^is  ;  and  many  kinds  of  living'  shell- 
fish first  become  known  to  us  in  IIm;  chalk.  The  vege- 
tation acipiires  a-  modern  asjx'ct.  A  few  livino-  anini.ils 
are  not  even  distinguishable  as  species,  from  those  wiiii  h 
existed  at  that  remote  ep(jeh.  The  (//ohi(j('riji(t  of  the 
pr(^sent  day,  for  example,  is  not  dillerent  sp(M'ifIc;illv 
from  that  of  tlic  chalk;  and  the  same  may  he  siiid 
of  many  o\]h^v  Foraiuinifcra.  I  think  it  ])rol)al)le  tlial 
critical  aud  unprejudicMsd  examijiation  will  show  th;il 
more  than  one  s[)eeies  of  much  higher  animals  hav(;  had 
a  similar  longevity  ;  but  the  oidy  exani])le  whi(th  I  can 
at  ])resent  give  confidently  is  th(!  snake's-head  hini|)- 
sliell  {Ti'rchrat'duia  caput  serpcntis),  which  lives  in 
our  English  seas  and  abounded  (as  Tei'dbratullua  striata 
of  authors)  in  the  chalk. 

The  longest  line  of  human  an(u\stiy  must  hide  its 
diminished  head  before  the  i)edi<^ree  of  this  insi^nilicaiit 
shell-fish.  We  Englishmen  are  proud  to  ha,ve  an  ancestor 
who  was  present  at  the  Battle  of  Hastings.  The  an- 
cestors of  TerchratuUna  caput  serpen tis  may  have  been 
present  at  a  battle  of  Jchtht/osaurla  in  that  |)art  of  the 
sea  which,  when  the  chalk  was  forming,  flowed  over  the 
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pitt!  of  llii.s(iii;;s.  While  all  jiround  Ims  chaii^^t'd,  tliiH 
Tei'chi'iituHuii  iia.s  prarciiilly  pinjia^^ratcd  its  s|)t!('i('.s  from 
frciicralinn  to  ^ciici-atiou,  and  stands  to  tins  diiy,  as  a 
jiviii;,'  testimony  to  tin;  contiiiuily  of  tlic  pi'csciil  with 
thu  past  history  of  the  glolu.'. 

U|)  to  tills  moment  I  have  statecl,  so  fiir  as  I  know, 
iiolliin^f  hut  well-authenticated  i'aets,  and  the  immediate 
coiielusions  which  the}'  loi-ee  upon  the  mind. 

l)Ut  the  mind  is  so  eonsiimted  that  it  does  not 
willin,i^ly  rest  in  faets  jind  immediate  causes,  hut  seeks 
iilwjiys  aftei'  a  kiKjwledgc  of  the  remoter  liid^s  in  the 
chain  of  causation. 

Takin<;"  the  many  chaiiL-'es  of  any  ;^ivcn  spot  of  the 
ciirth's  surface,  fiom  sea  to  land  and  from  land  to  sea, 
iis  an  estahlishrd  fact,  we  cannot  ivfiain  IVom  askin*:^ 
ouiselves  how  these  <'han;^es  have  ocjun'red.  Ami  when 
we  have  e>:j)Iained  them — as  they  mu.^t  Ix;  ex[tlained 
—  hy  the  alteiiiati;  shjw  movements  (d'  elevation 
and  de[)ression  which  have  atleeted  the  crust  of  tin; 
eu'th,  \\'v  go  still  further  hack,  and  ask,  W  hy  these 
uiovements '{ 

J  jun  not  certain  that  any  one  cim  give  you  a  satis- 
factory answer  to  that  (piesticjn.  Assuredly  J  cannot. 
All  that  can  l)e  said,  lor  certain,  is,  that  such  movements 
are  part  of  the  ordinary  conrsc;  of  nature,  inasmuch  as 
they  are  going  on  at  \\n\  present  time.  I)ireet  proof 
may  i)e  gi^M-n,  that  some  parts  of  tlu;  land  of  the 
northern  hemisphere  are  at  this  UK^ment  insensihly  rising 
and  others  insf'nsihly  sinking;  and  there  is  indirect,  but 
perfectly  satisfactor}',  pro(jf,  that  an  enormous  area  now 
covered  by  th(;  Tacitic  has  been  deepened  thousands  of 
fcL't,  since  the  present  inhabitants  of  that  sea  came  into 
existence. 

Thus  there  is  not  a  shadow  of  a  reason  for  belie vintr 
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that  tliG  physical  changes  of  the  globo,  in  past  times, 
have  been  effected  ))y  other  than  natural  causes. 

Is  there  any  more  reason  for  believing  that  the  concomi- 
tant mcxlifications  in  tlie  forms  of  tlie  living  inhabitciiits 
of  the  globe  have  been  brought  al)out  in  other  ways? 

Before  attempting  to  answer  this  question,  let  us  try 
to  form  a  distinct  mental  picture  of  what  has  happened 
in  some  s[)eci.il  case. 

The  crocodih'S  are  animals  which,  as  a  grou]),  have  a 
very  vast  nntiipiity.  They  al)ounded  ages  before  tlic 
chalk  was  (le[)(>sited  ;  they  throng  the  rivers  in  warm 
climates,  at  the  lu'csent  day.  There  is  a  differenc^e  in 
the  form  of  the  joints  of  tlic  back-bone,  and  in  somi! 
minor  })articulars,  between  the  crocodiles  of  the  })re,seiit 
epoch  and  those  which  lived  before  the  chalk  ;  but,  in 
the  cretaceous  epoch,  as  1  have  abvady  mentioned,  the 
croeodiles  had  assumed  the  modern  ty[)e  of  structure. 
Not\vithstan<liii<x  this,  the  crocodiles  of  the  chalk  aic 
not  identically  the  same  as  those  which  lived  in  tin,' 
times  called  "  older  tertiary,"  which  succee<led  the  cre- 
taceous epoch  ;  and  the  crocodiles  of  the  older  tertiaiics 
are  not  identical  with  those  of  the  newer  tertiaries,  nor 
are  these  identical  with  existing  forms.  I  leave  open 
the  question  whether  particular  species  may  have  liveil 
on  from  epoch  to  epoch.  lUit  each  epoch  .has  had  its 
peculiar  (crocodiles ;  tlumgh  all,  since  ihe  chalk,  havi' 
belonged  to  the  modern  type,  and  differ  sim])ly  in  their 
pro[)ortions,  and  in  su(di  structural  particulars  as  are 
discernible  only  to  trained  eyes. 

How  is  the  existence  of  this  long  succession  of  dif- 
ferent species  of  crocodiles  to  be  accounted  for? 

Only  two  suppositions  seem  to  ])C  open  to  us — Either 
each  species  of  crocodile  has  been  specially  created,  or  it 
has  arisen  out  of  some  pre-existing  form  l)y  the  opera- 
tion of  natural  causes. 
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Cliooso  your  liypothosis  ;  I  liavo  clioscn  mine.  I  cnii 
find  no  warninty  for  iK'lieviiig  in  the  distinct  creation  of 
a  score  of  snccessivo  species  of  crocodiles  in  the  course  of 
countless  ages  of  time.  Science  gives  no  countenance 
to  sucli  a  wild  fancy  ;  nor  can  even  tlie  perverse 
ingenuity  of  a  commentator  pretend  to  disc.-over  this 
sense,  in  the  sim[)le  words  in  which  tlie  writer  of 
Genesis  records  the  proceedinos  of  the  fifth  and  sixth 
days  of  the  Creation. 

On  tlic  other  liand,  I  sec  no  good  reason  for  douhting 
the  necessary  altei'native,  tliat  all  these  varied  sjx'cies 
have  been  evolved  from  pre-existing  crocodilian  forms, 
hy  the  operation  of  causes  as  completely  a  })art  of  tlie 
common  order  of  natun^,  as  those  which  have  effected 
the  chano-es  of  the  inoi'oanic  world. 

Few  will  venture  to  affirm  that  the  reasoning  which 
applies  to  crocodiles  loses  its  fon^e  among  other  animals, 
or  among  plants.  If  one  series  of  species  has  come  into 
existence  by  the  o])eration  of  natural  causes,  it  seems 
folly  to  deny  that  all  may  have  arisen  in  the  same  way. 

A  small  heoinnino-  has  led  us  to  a  m'eat  endinu;.  If  I 
were  to  put  the  bit  of  chalk  with  which  we  started  into 
tlio  hot  but  o1)scure  fl;mie  of  burning  hydrogen,  it  would 
presently  shine  like  the  sun.  It  seems  to  me  that  this 
physical  metamorphosis  is  no  false  image  of  what  has 
been  the  result  of  our  subjecting  it  to  a  jet  of  fervent, 
tliouo-h  nowise  brilliant,  thouoht  to-niuht.  It  has  become 
luminous,  and  its  clear  rays,  ])(*netrating  the  abyss  of 
the  remote  past,  have  lu'onght  within  our  ken  some  stages 
of  the  evolution  of  the  earth.  Ami  in  the  shifting  "  with- 
out haste,  but  without  rest"  of  the  land  and  sea,  as  in  the 
endless  variation  of  the  forms  assumed  by  livincj  beings, 
we  have  observed  nothing  but  the  natural  ])ro(luct  of  the 
forces  originally  possessed  by  the  substance  of  the  universe. 
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Merchants  occasionally  go  tlirough  a  wliolesomo,  tlioiiuli 
troublesome  and  not  always  satisfactory,  })roc('SS  which 
they  term  "taking  stock."  After  all  the  excitement  of 
speculation,  tlie  pleasure  of  gain,  and  the  pain  of  loss, 
the  trader  makes  up  his  mind  to  face  facts  and  to 
learn  the  exact  quantity  and  quality  of  his  solid  and 
reliable  possessions. 

The  man  of  science  does  well  sometimes  to  imitate 
this  procedure ;  and,  forgetting  for  the  time  the  import- 
ance of  his  own  small  winninjj^s,  to  re-examine  the 
common  stock  in  trade,  so  that  he  may  make  sure  how 
far  the  stock  of  Indlion  in  the  cellar — on  the  faith  of 
whoso  existence  so  much  paper  has  been  circulating— 
is  really  the  solid  gold  of  trutli. 

The  Anniversary  Meeting  of  the  Geological  Society 
seems  to  be  an  occasion  well  suited  for  an  undertaking; 
of  this  kind^for  an  inquiry,  in  fact,  into  the  nature  and 
value  of  the  present  results  of  pala^ontological  investi- 
gation ;  and  the  more  so,  as  all  those  who  have  paid 
close  attention  to  the  late  multitudinous  discussions 
in  which  palaeontology  is  implicated,  must  have  ftdt 
the  urgent  necessity  of  some  such  scrutiny. 
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First  in  order,  as  tlic  most  dofiiiite  and  ini(]_U(\st  ion  able 
of  all  the  results  of  palooontology,  must  be  mentioned 
the  immense  extension  and  impulse  given  to  botany, 
zoology,  and  comparative  anatomy,  by  the  investigation 
of  fossil  remains.  Indeed,  the  mass  of  biological  facts 
lias  been  so  greatly  increased,  and  the  range  of  biologictd 
sjicculation  has  been  so  vastly  widened,  by  the  researches 
of  the  geologist  and  palaeontologist,  that  it  is  to  be  feared 
tliere  are  naturalists  in  existence  wlio  look  upon  2:eolouy 
tis  Brindley  regarded  rivers.  "  Rivers,"  said  the  great 
engineer,  "were  made  to  feed  canals;"  and  geology, 
some  seem  to  think,  was  solely  created  to  advance  com- 
parative anatomy. 

Were  such  a  tliouglit  justifiable,  it  could  hardly  expect 
to  be  received  with  favour  by  this  asseml)ly.  l>ut  it 
is  not  justifiable.  Your  favourite  science  has  he)'  own 
great  aims  independent  of  all  others ;  and  if,  notwith- 
standino-  her  steadv  deviation  to  her  own  progress,  she 
can  scatter  such  rich  alms  ainono-  licr  sisters,  it  should 
be  remembered  that  her  charity  is  of  the  sort  tliat 
does  not  impoverish,  but  "  blesseth  him  tliat  gives  and 
him  that  takes." 

Kegard  the  matter  as  we  will,  however,  tlie  facts 
remain.  Nearly  40,000  species  of  animals  and  plants 
have  been  added  to  the  tSystema  Nature  by  palcoonto- 
logical  research.  This  is  a  living  population  ecpiivalent 
to  that  of  a  new  continent  in  mere  number  ;  ecpuvah'nt 
to  that  of  a  new  hemisphere,  if  we  take  into  account  the 
small  population  of  insects  as  yet  found  fossil,  and  the 
large  pro})ortion  and  peculiar  organization  of  many  of 
the  Vertebrata. 

But,  beyond  tliis,  it  is  perha]>s  not  too  much  to  say 
that,  except  for  the  necessity  of  interpreting  paloconto- 
logical  facts,  the  laws  of  distril)ution  would  have  received 
less  careful   study  ;    while   few   comparative   anatomists 
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(and  those  not  of  the  fir.st  order)  wonkl  have  l)coii 
induced  by  mere  love  of  det.-iil,  as  such,  to  study  tho 
minutire  of  osteology,  were  it  not  that  in  such  miiuiti.^ 
lie  the  only  keys  to  the  most  interesting  riddles  otterotl 
by  the  extinct  nnimal  world. 

These  assuredly  are  great  and  solid  gains.  Surely  it 
is  matter  for  no  small  congratulation  that  in  half  a  cen- 
tury (for  palaeontology,  though  it  dawned  earlier,  cniiio 
into  full  day  only  with  CHivier)  a  subordinate  branch  of 
biology  should  have  doubled  tlie  v.alue  and  the  interest 
of  the  whole  group  of  sciences  to  which  it  belongs. 

liut  this  is  not  alL  Allied  with  oeoloo-v  italwon- 
tology  has  established  two  hiws  of  inestimable  import- 
ance :  the  first,  that  one  and  the  same  area  of  the  eartli'.s 
surface  has  been  successively  occupied  by  very  different 
kinds  of  livinij  beino;s  :  the  second,  that  the  order  of 
succession  established  in  one  locality  holds  good,  approxi- 
mately, in  all. 

The  first  of  these  laws  is  universal  and  irreversible : 
the  second  is  an  induction  from  a  vast  number  of 
ol)servations,  though  it  may  possibly,  and  even  pro- 
bably, have  to  admit  of  exceptions.  As  a  consecpience 
of  the  second  law,  it  follows  that  a  peculiar  relation 
frerpiently  subsists  between  series  of  strata,  containing 
oro-anic  remains,  in  diti'erent  localities.  The  series 
resem])le  one  another,  not  only  in  virtue  of  a  general 
resemblance  of  the  organic  remains  in  the  two,  but  also 
in  virtue  of  a  resemblance  in  the  order  and  character 
of  the  serial  succession  in  each.  There  is  a  resemblanee 
of  arrangement ;  so  that  the  separate  terms  of  each  series, 
as  well  as  the  whole  sei'ies,  exhilnt  a  correspondence. 

Succession  im})lies  time ;  the  lower  members  of  a 
series  of  sedimentary  rocks  are  certainly  older  than 
the  upper ;  and  Avlien  the  notion  of  age  was  onec 
introduced  as  the   equivalent  of  succession,   it  was  no 
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woixltT  tliat  correspond eiice  in  .succession  came  to  be 
looked  upon  as  correspondence  in  a|;e,  or  "  conteni- 
[(onuicity."  And,  indeed,  so  long  as  relative  ai;e  only 
is  spoken  of,  corres[)(jndcnce  in  succession  is  correspon- 
(leuce  in  age  ;  it  is  relative  contcniporaneity. 

But  it  would  Ikivo  been  very  much  better  for  geol(\gy 
if  so  loose  and  ambiguous  a  word  as  "  contempoianeous  " 
held  been  excluded  from  her  terminology,  and  if,  in  its 
stead,  some  term  ex})ressing  similarity  of  serial  relation, 
and  excludini>-  the  noti<ui  of  time  altoi>etlier,  had  been 
employed  to  denote  ('orrespondence  in  position  in  cwo 
or  more  series  of  strata. 

In  anatomy,  where  such  correspondence  of  position 
has  constantly  to  be  sp(^ken  of,  it  is  denoted  by  the 
word  "homoLjgy"  and  its  derivatives;  and  for  Geology 
(which  after  all  is  only  the  anatomy  and  physiology 
of  the  eai'th)  it  mioht  be  well  to  invent  some  single 
word,  such  as  "homotaxis"  (simihirity  of  order),  in 
order  to  exi)ress  an  essentially  similar  idea.  This,  how- 
ever, has  not  been  done,  and  most  probaldy  the  inquiry 
will  at  once  be  made — To  what  end  burden  s(dence  with 
a  new  and  strange  term  in  place  of  one  ohl,  familiar, 
and  part  of  our  common  language  ? 

The  reply  to  this  question  will  become  obvious  as 
the  inquiry  into  the  results  of  pala3ontology  is  pushed 
further. 

Those  whose  business  it  is  to  acquaint  themstdves 
speeially  with  the  works  of  paheontologists,  in  fact, 
will  be  fully  aware  that  very  few,  if  any,  would  rest 
satisfied  with  su(di  a  statement  of  the  conclusions  of 
their  branch  of  biology  as    that  which    has   just   Ix.'cn 


given. 


Our  standard  repertories  of  })ahicontol<)gy  profess   to 
teach  us  far  hio-lier  things — to  disclose  the  entire  sue- 
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cession  of  living  forms  upon  tlic  surface  of  the  glohe ; 
to  tell  us  of  ii  wholly  ditiercnt  distribution  of  climatic 
conditions  in  ancient  times ;  to  reveal  the  character 
of  the  first  of  all  living  existences ;  and  to  trace  out 
the  law  of  progress  from  them  to  us. 

It  may  not  he  unprofitabh^  to  bestow  on  these  pro- 
fessicms  a  somewhat  more  critical  examination  than 
they  have  hitherto  received,  in  order  to  ascertain  how 
far  they  rest  on  an  irrefragable  basis  ;  or  whether,  after 
all,  it  might  not  be  Avell  for  pakeontologists  to  learn 
a  little  more  carefully  that  scientific  "  ars  artium,"  the 
art  of  saying  "  I  don't  know."  And  to  this  end  let 
us  define  somewhat  more  exactly  the  ext(>nt  of  these 
pretensions  of  palaeontology. 

Every  one  is  aware  that  Professor  Bronn's  "  Untcr- 
suclmni^en "  and  Professor  Pictet  s  "  Traitd  de  Palcon- 
tologie "  are  works  of  standard  autliority,  familiarly 
consulted  by  every  working  pakeontologist.  It*  is  desir- 
able to  speak  of  these  excellent  books,  and  of  their 
distinguished  authors,  with  the  utmost  respect,  and  in 
a  tone  as  far  as  possible  removed  from  carping  criticism ; 
indeed,  if  they  are  specially  cited  in  this  place,  it  is 
merely  in  justification  of  the  assertion  that  the  follow- 
ing propositions,  which  may  be  found  implicitly,  or 
explicitly,  in  the  works  in  question,  arc  regarded  hy 
the  mass  of  paleontologists  and  geologists,  not  only 
on  the  Continent  Init  in  this  country,  as  ex[)ressing 
some  of  tlie  best-established  results  of  pakeontology. 
Thus : — 

Animals  and  plants  began  their  existence  togctlicr, 
not  long  after  the  commencement  of  the  deposition  of 
the  sedimentary  rocks  ;  and  then  succeeded  one  another, 
in  such  a  maimer,  that  totally  distinct  faunae  and  flonie 
occupied  the  whole  surface  of  the  earth,  one  after  the 
other,  and  during  distinct  epochs  of  time. 
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A  jT^ooloGiical  foniiation  is  the  sum  of  all  the  strata 
deposited  over  the  whole  surface  of  the  earth  duriiij^ 
one  of  these  epochs :  a  geological  fauna  or  flora  is  tlie 
sum  of  all  the  species  of  animals  or  i)lants  which 
occupied  the  whole  surface  of  the  globe,  during  one 
of  these  epochs. 

The  po[)uhition  of  the  earth's  surface  was  at  first 
very  similar  in  all  parts,  and  only  from  the  middle  of 
the  Tertiary  epoch  onwards,  began  to  show  a  distinct 
distribution  in  zones. 

The  constitution  of  the  original  population,  as  well 
as  the  numerical  proportions  of  its  members,  indicates 
a  warmer  and,  on  the  whole,  somewhat  tro})ical  climate, 
which  remained  tolera1)ly  erpiable  throughout  the  year. 
The  subsequent  distribution  of  living  beings  in  zones 
is  the  result  of  a  gradual  lowering  of  the  general 
temperature,  Avliicli  first  began  to  be  felt  at  the 
poles. 

It  is  not  noAV  proposed  to  inquire  wdiether  these 
doctrines  are  true  or  false ;  but  to  direct  your  atten- 
tion to  a  much  simpler  though  very  essential  preliminary 
question — What  is  their  logical  basis  ?  Avhat  are  the 
fundamental  assumptions  upon  whicli  they  all  logically 
depend  ?  and  what  is  the  evidence  on  which  those 
fundamental  propositions   demand   our  assent  ? 

These  assumptions  are  two  :  the  first,  that  the  com- 
mencement of  the  ojeoloo^ical  record  is  coeval  with  the 
commencement  of  life  on  the  globe  ;  the  second,  that 
geological  contemporaneity  is  the  same  thing  as  chrono- 
logical synchrony.  Without  the  first  of  these  assump- 
tions there  would  of  course  be  no  ground  for  any 
statement  respecting  the  commencement  of  life  ;  with- 
out the  second,  all  the  other  statements  cited,  eveiy 
one   of    which   implies   a   knowledge   of    the    state   of 
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cliffereut  parts  of  tlie  ^\\vi\\  at  one  and  the  same  time, 
will  bo  no  less  devoid  of  demonstration. 

The  first  assuni])tion  obviously  rests  entirely  on 
negative  evidence.  1'his  is,  of  course,  the  only  evideiico 
that  ever  can  be  available  to  prove  the  comnienceniciit 
of  any  series  of  phiienonK'na ;  but,  at  the  same  time. 
it  must  be  recollected  that  the  value  of  negativi. 
evidence  depends  entirely  on  the  amount  of  posilivi; 
corroboration  it  receives.  If  A.  i).  wishes  to  prove  ;iii 
uHbl,  it  is  of  no  use  for  him  to  get  a  thousand  witnesses 
simply  to  swear  that  they  did  not  see  him  in  such 
and  such  a  place,  unless  the  witnesses  are  prepared 
to  prove  that  they  must  have  seen  him  had.  he  been 
there.  But  the  evidence  that  animal  life  commenced 
with  the  Lingula-flags,  e.g.,  would  seem  to  be  exactly 
of  this  unsatisfactory  uncorroborated  sort.  The  Cam- 
brian witnesses  simply  swear  they  "  haven't  seen  any- 
body their  way;"  upon  which  the  counsel  for  the 
other  side  immediately  puts  in  ten  or  twelve  thousand 
feet  of  Devonian  sandstones  to  make  oath  they  never 
saw  a  fish  or  a  mollusk,  though  all  the  world  knows 
there  were  plenty  in  their  time. 

But  then  it  is  urged  that,  though  the  Devonian 
rocks  in  one  part  of  the  world  exhibit  no  fossils,  in 
another  they  do,  while  the  lower  Cambrian  rocks  no- 
where exhibit  fossils,  and  hence  no  living  being  could 
have  existed  in  their  e])och. 

To  this  there  are  two  replies  :  the  first,  that  the 
observational  basis  of  the  assertion  that  the  lowest 
rocks  are  nowhere  fossiliferous  is  an  amazingly  sniidl 
one,  seeing  how  very  small  an  area,  in  comparison  to 
that  of  the  whole  world,  has  yet  been  fully  searched; 
the  second,  that  the  argument  is  good  for  nothing  unless 
the  unfo^siliferous  rocks  in  question  were  not  only 
contemporaneous  in  the  geological  sense,  but  si/nchronous 
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ill  tlic  clironological  souse.  To  uso  the  nl'ibl  illustnitiitii 
;io;iiii.  If  a  man  wislics  to  }»rovc  he  was  in  iicitlicr 
(if  two  places,  A  and  I>,  on  a  given  day,  liis  witnesses 
for  each  place  must  l»e  ju'ejtared  to  answer  lor  the 
whole  day.  If  they  ean  only  ])rove  that  lie  was  not 
at  A  in  the  morning,  and  not  at  J)  in  the  afternoijn, 
the  evidenee  of  his  ahsenee  from  both  is  j///,  heeause 
he  might  have  been  at  !>  in  the  morning  and  at  A  in 
tlie  afternoon. 

Thus  everything  depends  upon  the  validity  of  the 
second  assumption.  And  we  nuist  })roceed  to  incjuire 
what  is  the  real  meaning  of  the  word  "  contemi»oraneous" 
IIS  employed  by  geoh)gists.  To  this  end  a  concrete 
(xnniple  may  be  taken. 

The  Lias  of  England  and  the  Lias  of  Germany,  tlu^ 
Cretaceous  rocks  of  Jhitain  and  the  Cretaceous  rock« 
(if  Southern  India,  are  termed  l)y  geologists  ''  contem- 
|ioraueous"  formations;  but  whenever  any  thoughtful 
licologist  is  asked  whether  he  means  to  say  that  they 
were  deposited  synchronously,  he  says,  "  No, — only 
within  the  same  great  e})och."  And  if,  in  })ui'suing 
the  inquiry,  he  is  asked  Avhat  may  be  the  apj)roximate 
value  in  time  of  a  "great  epoch" — whetlier  it  means 
a  hundred  years,  or  a  thousand,  or  a  million,  or  ten 
million   years — his   reply  is,    "I   cannot   tell." 

If  the  further  question  be  put,  whether  i)hysical 
o'cology  is  in  possession  of  any  method  by  which  the 
actual  synchrony  (or  the  reverse)  of  any  two  distant 
deposits  can  be  ascertained,  no  such  meth(»d  can  be 
lieard  of;  it  being  admitted  by  all  the  best  authorities 
that  neither  similarity  of  mineral  com])osition,  nor  of 
physical  character,  nor  even  direct  continuity  of  stratum, 
are  ohsulute  proofs  of  the  synchronism  of  even  at)proxi- 
mated  sedimentary  strata  :  while,  for  distant  deposits, 
there  seems  to  be  no  khid  of  physical  evidence  attain- 
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}il»l(i   <»r    a   imturo    coiniM'tciit   to    dcfiflc   wlictlicr   sii 
(Icjiosits   were   Ini'intMl    simult.'mcoiisly,    ni-  wlicllici-  il|. 
possess  jiny   t^ivcii   (liUcrcncc  of   ;iiiti([uity.      To  ivtm 
1o  .-111  <'X;iiii|)I('  jilrcjuly  ,t;iv('ii.      All  coiDjictciil  .'lulliorit 
will    ])i'ol(;il)ly  {issciit   to   the    ])ro|)ositioii    tli.'it    ])livsic;ii 
o-colo^ry    (](M'S    not     cu.'ihlc    us    ill    ;iliy    \\';iy    to    Vc]»ly    In 
this  (jucstioii — ^Wltc;  the,  Toitisji  (VctJic-cous  rocks  (|('| 
sited  }i,t  tin.'  s.'iinc  time  .'is  tjiosc  of  lii(li;i,  or  iirc  tlnv 


'•ii 


I'S 


1(1- 


inilhoii  or  ycjirs  yoiiiinci'  or  ;i  iiiiiiion  ot   ycnrs  oldci 


O'CO 


Is     ])iila'oiitolo_i;y     .'iMc     to     succeed     where,    ])livsi 
loij;y    fails]      St;iiidar<l    writers    on   pnla-ontolonv 


(•;il 


Jiiis  lieeri  st'en,  iissiiiiK;  that  she  cnii.  They  t;ike  it  (up 
^riinted,  that  deposits  contiiiiiiii'^  siinilii!'  organic  r(iii;iiii.> 
are,  synchi'oiious — at  any  rate  in  a  hroad  sense  ;  ;iiii| 
yet,  those  who  will  study  tin;  eleventh  and  twellih 
('ha])ters  of  Sir  Ifciiry  J)e  la  Heche's  reniarkahle  '\\v- 
seavches  in  Theoretical  (^'ology,"  ])ul)lishe(l  now  neaiiv 
thirty  years  ago,  and  will  carry  out  th(3  argiiinciits 
there  most  luminously  stated,  to  their  logical  coihc- 
(|uen(;cs,  may  very  easily  convince;  themselves  that 
even  absolute  identity  of  orga,ni(;  contents  is  no  jji'oof 
of  the  synchrony  of  de])osits,  while  absolute  diversitv 
is  no  pi'oof   of   dill'erencc  of   date.      Sir    llemy  \)v   la 
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to  show  that  the  difiei-ent  parts  of  o\w,  and   the  suiiif 
stratum,  having  a  similar  com])OHition  throughout,  coii- 
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l)eds  al)ovc  and  below  it,  may  yet  differ  to  any  < 
ceivablc  extent  in  age. 

Edward  JA^rbes  was  in  the  lialjit  of  assertino:  tliat 
the  similai'ity  of  tlie  organic;  contents  of  distant  forma- 
tions was  j>rim(t  facie  evidence,  not  of  their  similarity 
but  of  their  difference  of  age  ;  and  holding  as  he  diil 
the  doctrine  of  singh;  specific  centres,  the  conclusion  |  the 
was  as  legitimate   as  any  othei- ;    for  the  two  district- 
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must  li;iv<'  Im'cii  occiijdrd  liy  iiiiLrr.'itioii  from  one  ol'  tlic 
two.  or  IVoiu  .-III  iiitrriiK'iliiitc  sjiot,  .'iii<l  tlic  cIl-iiiccs 
;i(riiu>t  cXiU't  cniiicidciicc  of  iiiiiiTatioii  iiiid  of  iinln'tMiii**- 
all'  iiirniitt'. 

Ill  jMrnit  of  fact,  li(»\V(',V('r,  wlictlici'  tlic  liv|M)tli('siH 
,,f  single  or  of  niiilli|»l<'  spcciiic  cciitrcs  Ito  a(lo]it('(l, 
>imihn'itv  of  oruaiiic  comIcijIs  caiiiiot  possihly  alloi-l 
;iiiv  |ti'o(»r  of  llic  syhcliroiiy  o|'  the  deposits  wliirli 
loiit.'iin  tlu'in  ;  on  tin*  coiitrary,  it  is  dcinoMstrahlv 
(oiiipatildc  with  tlic  lapse  of  tlic  most,  prodicioiis 
intervals  of  time,  and  with  iiitei*positi(»M  of  vast^  ehaiin'cs 
III  tlir  oriiaiiie  and  inor;^anie  worlds,  l)et\ve(  n  the  e[»(»ehs 
ill  which  siieh  deposits  \\v.n\  foi'mcd. 

(Ml  what  amonnr  of  similarity  of  thcii'  fauna'  is  the 
doctrine  of  the  contemporaneity  of  the  lMiro|»ean  and 
of  the  iSorth  Ameri(;a.n  Silurians  hasec]  '.  In  tin;  last, 
edition  of  Sir  (duirles  Lycdl's  "  I'^lementai'y  (ieolou;y" 
It  is  stated,  on  the  authoi'iry  of  a.  i'ormer  President  of 
r!iis  Society,  the  late  Danitd  Sharjte,  that  between 
oil  and  40  per  cent,  of  tlu;  specdes  of  Siluidan  Molluscji 
iiiv  common  to  both  sides  of  tin;  Atlantic.  \\y  way 
of  duo  allowan(;c  for  further  (lis(M)very,  let  us  double 
rlic  lesser  number  and  supi)ose  that  0*0  per  c(;nt.  of 
the  s|MM'ies  are  common  to  the  North  American  and 
the  liritish  Silurians.  Sixty  per  ei-nt.  of  sp«.'cies  in 
coininon  is,  then,  ])roof  of  c(mtemporaneity. 

Now  suj»]»ose  that,  a  miUion  or  two  of  years  henec, 
when  liritain  has  made  another  dip  jjeneath  the  sea 
and  has  eome  U})  again,  some  gcjologist  applies  this 
doctrine,  in  coin[)aiing  the  strata  laid  bare  by  the 
ujdieaval  of  the  bottom,  say,  of  St.  (ieoi'i^(;'s  Channel 
widi  what  may  then  remain  of  the  Suffolk  Crag, 
lii'usoning  in  the  same  way,  he  will  at  onec^  <lecidp, 
the  Suffolk  Craii;  and  the  St.  (ieoroc's  Chamud  beds 
to  he  contemporaneous ;   although   we  ha[)pen  t<j  kn(jw 
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I.  ly  s/;/r}/(f\s,  .iDnitr.ssr.s,  .t\h  liHrir.ns. 


tlijit   n   VMsl    jM'riod    (even    in    tlio    [•coIomic'iI    hchhc)   (,f 
lime,   .'iikI    |»liysi(';il    cIuiiil^cs    of    .'iImkisI    iiii|)rr(c<|(iiin| 

CXtrlit,    Sr|»;ii;ilr    lllf    I  W  ( >. 

Ililt    if    il     Itc    ;i     (IciiKMistr.'iltIc     r.M't     lli;il     stl';il;i    cun- 
fjiiiiinii,"    nmrc    lli.-m    (K)    ni-   7(>    |n'i'   rciil.    (»('    species   nf 

Mollnsr.'i  ill  colilliinii,  iilld  ('<nil|  »;il;il  i  \('l  V  dnsc  Innctliii. 
lii.'iV  N'<'1  '"'  sc|i;ii';it('(l  l>\'  I'll  ;inioiiiil  of  •_!(•( »I(><ji(;i I  liin, 
sillliciclll  j(»  Jillnw  (if  soilH'  iA'  I  lie  ^|T;ilr>|  |»|iyM<;il 
('lijililjvs     llic     world     li;is    seen,     \\  li;!t     Itccoiiics     ol'     t|i;ii 
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coiitcilljtnr.'lIK'ily     tlic     sole     ('vidriicc     (»|"      wliich 


driilil 
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IS  ;i  smiil.'inf y  (u   Incirs,  or  llir  h 
species,   or  of  ;i    ^ood    lli;ili\'    jfeiHT;!  i 

And  yet  llici'e  i^  no  heller  e\idelM'('  W^V  tlie  coilleiii- 
jtornncily  .'issunied  hy  ;dl  who  ;ido|il  Hie  hy)M)ilies(> 
of  nniN'crs.'il  r;iiiii;r  ;ii'd  Hone,  of  ;i  iiniversjdly  uniionn 
clini.'lti',  Mild  of  il  sei.sihh'  coohlii;'  of  ihe  i;h»he  (hllili'j 
oeoh)nic;d    lime. 

There   seems,  ihell,  llo  esc;i|>e   from   ihe  .'idinission   tli.it 


ess(  s 


neither    ith\sic;il    !'('oh)n\',    nor    it;ih<'oii|oh>Li\-,    noss 
i  nny  met ho(|   hy  A\liich   ihc  ;ihsohile  synchronism  of 
sfr.'it.'i    Clin    he    demonstrjil('(h       All     lluit     o'eolooy    c.ni 


t\v 
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■ovc  is  loc;il  ((I'dcr  of  snccessioii.      Il  is  m;il IfiiKit icilK 


<*ert;iin    th.'il,  in   nny  oiven    N-erlienl  lineiir  seclion  of  ;iii 
undislurhed    seri(>s    of    ^edimcnt.'iry    «le|»osits,    the    hc^l 
hicli    lies   lowest,   is  the  oldest.      Ill  ;iny  other  Ncrticiil 


li 


me.'ir  section  of  the  s.'inie  series,  oi  course,  ('(ti'res|»oii(li!iii 
heds  will  oeciir  in  ;i  similar  oi'der  ;  huf,  liowever  liicit 
niJiy  he  the  ]U'ohahilily,  no  man  eaii  say  with  ahsolutc 
certainty  that  tli<'  heds  in  tlie  two  sections  were  syn- 
chronously depositeiL  l^'or  areas  (»!'  moderate  extent, 
it  is  douhtless  true  that  no  ]»ractieal  e\il  is  likely  tit 
result  from  assumini;"  the  eorres|»on<lini;"  lieds  to  hi' 
svnchi'onous  or  strictly  eonteni])oraneons ;  and  tlifH' 
are  multitudes  of  accessory  circumstances  which  iiiay 
fully  justify  the   assumption  of  such  synchrony.      ]*)Ut 
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;il     Sdlsi)     I, I      ■       iiij.    pinliit'iit     the   iivnluiiist     llMS    to    dc.il     willl    l.ll'^C    JircMS. 
'"'''i     I      (•!•    uitli     cniiiidctcly     scpjir.'itrd     (|(|Misit.s,     (lie     liiiscliirt' 
(if    <'(»iirniiii(liiiL'-     tli.it    "  lininofiixis"    or    "  simil.iiil  y    of 
.iir.iiiliviiiciil,''  w  liidi    ill,,    Im'   (Iciiiuiistrjitcd,  witli  ".syn- 


(liioiiy"   or  "idciiiity   of  diilf,"  lor   wliirli    ilit-rc    i.s   not 
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t'St     |»liyM<;il     I     ill,,   coiisliilit    source    ol"  ;4|-;illlilous   S|»cculiit  ion 
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r    proof,    iiiidcr    til*'    one    <-oniiiioii    term    of 
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|()  show  to  I  lie  conlr.-iry,  <i  I  )('Voiiiiiii  iiiiin.'i  iiiid  llor.i 
ill  the  lirilisli  Isliinds  ni;iy  luiNe  hern  ('oiil»'ni|»or;nicoiis 
itli   Sihni.'iM    life   in    Noi'tli    Anierie;i,  tind    willi   a   (';ir- 
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II. 


A I 


rie;i, 


( 


ieo'''lJil)lil(';il   lil'o 


H 


I' 


\iii('es  ,'ind  Z(»nes  ni.'iy  liiuc  heeii  ;is  distiiietly  iniirked  in 
the  Pilla'ozoie  epocli  ;is  iit.  |)l'<'Sent,  llild  those  seeininnly 
sudden  ;ij>|»e;iriilie(s  of  new  'L;('ne|;i,  iilld  sjx'cies,  which  wc 
ascril)c  to  new  cre;i,li(»n,  m.iy  he  simple  results  of  niiji'ration. 
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ni.i}'  l»e  so  ;  It    ni;iy  l)c  otherwi 
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ic  present 


citiidition  of  oui'  knowlcdii'e  jind  of  our  methods,  one 
Verdict  "not  pro\-en,  and  Jiot  |»rovcal)le"  -must  he 
jvcorded  .'i^aiiiNl  iill  the  iir.-ind  li\potheses  of  tin;  |);ila'on- 
toloo'isL  respect  iliLl'  tile  L!Cliel;il  succession  of  life  on  th(.' 
ul(»hc.  The  ordcj'  ;ind  nature  of  tci'rcstrial  life,  jis  ji 
whole,  ;ire  open  ((Uesti(»ns.  (jeolooy  jit  [)resent  pi'ovidcs 
us  with  most  \iiiu;d)l(^  to|toiiriipliic;il  records,  hut  she 
liiis  not  the  mc^aiis  of  woikine,'  them  uj)  into  .a  uinNci'Sid 
liisloi'y.  Js  su(di  ;i,  uiiivers.il  liislory,  then,  to  l)e  re_i;;irded 
;is  unatt;iin;ihle  i  Are  till  the  L^rinidest  iind  most  in- 
terestingly' })roh|ems  which  olfei'  themseK'es  to  the; 
ideological  student  essenti;dly  insoluhle  {  Is  he  in  the 
jiositioii  of  a  scieiililic  T;iiitalus — (hx-nned  alw;i}s  to 
thirst  for  ;i,  kiiowlednv  which  he  ciinnot  ohtiiiil  ;*  The 
reverse  is  to  !)('  hoped  ;  n.'i\',  it  m;i\'  not  Ixj  impossihlc 
tn  indicate  the  source  wdieiice  help  will 
111  eommt'iiciiJU"  these  remarks, 
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the  great  obligations  under  which  the  natnralist  lies  t(. 
the  geologist  and  pal?eontol(>gi.st.  Assuredly  the  time 
will  come  when  these  obligations  will  l)e  rcjtaid  tenfold. 
and  when  the  maze  of  the  world's  past  history,  through 
which  the  pure  geologist  and  the  pur"  ])al;eontolouisr 
find  no  gui(hince,  will  he  securely  threade(l  hy  the  chic 
furnished  by  the  naturalist. 

All  who  are  competent  to  express  an  opinion  on  tin 
subject  are,  at  present,  agreed  that  the  manifold  varictio 
of  animal  and  vegetable  form  have  not  either  come  into 
existence  by  chance,  nor  result  from  capricious  exei'ti(>ii> 
of  creative  power  ;  but  tluiu  they  have  taken  place  in  a 
definite  order,  the  statement  of  which  order  is  what 
men  of  science  term  a  natural  law.  Whether  such  a 
law  is  to  be  regarded  as  an  expression  of  the  mode  of 
operation  of  natural  forces,  or  whether  it  is  simply  a 
statement  of  the  manner  in  wliich  a  supernatural  powir 
has  thought  fit  to  act,  is  a  secondary  (pu'stion,  so  loiiu 
as  the  existence  of  the  law  and  the  possibility  of  its 
discovery  by  the  human  Intellect  are  granted.  But  ln' 
must  be  a  half-hearted  philosopher  who,  believing  in 
that  possibility,  and  having  watched  the  gigantic  stri(k'> 
of  the  biological  sciences  during  tlie  last  twenty  yeais. 
doul)ts  that  science  will  sooner  or  later  make  this  furtli<i 
step,  so  as  to  become  possessed  of  the  law  of  evolution 
of  oro'anic  forms — of  the  unvaryinii'  order  of  that  o-i-car 
chain  of  causes  and  efiects  of  which  all  organic  foviib. 
ancient  and  modern,  are  the  links.  And  then,  if  evci. 
we  shall  be  able  to  begin  to  discuss,  with  profit,  tin 
questions  respecting  the  commencement  of  life,  and  the 
natui'e  of  the  successive  populations  of  the  globe,  which 
so  many  seem  to  think  are  already  answered. 
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The  preceding  arguments  make  no  particular  claim  t( 
novelty  ;  indeed  they  have  been  fioating  more  or  V'> 
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distinctly  l)eforo  tlic  minds  of  oc'clogists  for  tlie  last 
tliirty  years;  and  if,  at  the  j>resc]it  time,  it  lias  seemed 
(U'siral)le  to  give  tliem  moro  definite  and  systematic 
(.'X[)ression,  it  is  because  pahx^ontology  is  every  day 
assuming  a  greater  im})ortance,  and  now  re(|uires  to 
rest  on  a  l)asis  the  firmness  of  wliicli  is  thoronglily  well 
assured.  Among  its  fundamental  concei)tions,  there 
must  l)e  no  confusion  between  what  is  ceitain  and 
wli.it  is  more  or  less  ])robable.-^  Jiut,  pending  the 
(ionstruction  of  a  surer  foundation  than  ])al;eontology 
now  ])ossesses,  it  may  be  instru'-iive,  assuming  fV>r  the 
jionce  the  general  correctness  of  the  ordinary  hypothesis 
of  geological  contemporaneity,  to  consider  whether  the 
(ItMluctions  which  are  ordinarily  (b'awn  from  the  whole 
l)u(ly  of  pahi3ontological  facts  are  justifiable. 

The  evidence  on  which  such  conclusions  are  based  is 
of  two  kinds,  negative  and  })Ositive.  The  value  of 
negative  evidence,  in  connexion  with  this  iiujuny,  has 
been  so  fully  and  clearly  discussed  in  an  address  from 
the  chair  of  this  Society,-  which  none  of  us  have 
forgotten,  that  nothing  need  at  present  be  sai<l  about 
it ;  the  more,  as  the  considerations  which  have  been 
laid  before  you  have  certainly  not  tended  to  increjise 
your  estimation  of  such  evidence.  It  will  be  preferable 
to  tuni  to  the  positive  facts  of  paUeontology,  and  to 
in(|uire  what  they  tell  us. 

We  are  all  accustomed  to  speak  of  the  number  and 
the  extent  of  the  changes  in  the  living  populaticm  of 
tlie  o'lobe  durino-  oeolooieal  tir^e  as  something"  enormous  ; 
and  indeed  they  are  so,  if  w^e  regard  only  the  negative 
(liiferenccs  which  separate  the  older  rocks  from  the 
more  modern,  and  if  we  look  upon  specific,'  and  generic 

1  "Le  plus  (friind  service  qu'on  puisse  rendre  ii  la  science  est  d'y  faire  place 
iiette  avant  d'y  rien  constrnire."— CrviKR. 
-  Auuiversaiy  Address  for  1851,  C^uart.  Journ.  Ge  "   hoc.  vol.  vii. 
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changes  as  great  changes,  which  from  one  point  of  viuw 
they  truly  are.  But  leaving  the  negative  differences 
out  of  consideration,  and  looking  only  at  the  positive 
data  furnislied  by  the  fossil  world  from  a  broader  point 
of  Yiiiw — from  that  of  the  comparative  anatomist  wlin 
has  made  the  study  of  the  greater  modifications  of 
animal  form  his  chief  business— a  surprise  of  another 
kind  dawns  upon  the  mind  ;  and  under  this  aspect  tlii' 
smallness  of  the  total  chann^e  Ix'comes  as  astonishinc'-  as 
was  its  ojreatness  under  the  other. 

There  are  two  hundred  known  orders  of  plants ;  of 
these  not  one  is  certainly  known  to  exist  exclusivflv 
in  the  fossil  state.  Tiie  whole  lapse  of  geological  time 
has  as  yet  yielded  not  a  single  new  ordinid  type  of 
vegetal  )le  struct  ure.  ^ 

The  positive  change  in  passing  from  the  recent  to  ih' 
ancient  animal  world  is  oTcater,  but  still  sinoularlv 
sm(dl.  No  fossil  animal  is  so  distinct  from  those  now 
living  as  to  r(!(juire  to  be  arranged  even  in  a  separate 
class  from  those  which  contain  existing  forms.  It  i.s 
only  when  we  come  to  the  orders,  which  may  lie 
roughly  estimated  at  about  a  hundred  and  thirty,  that 
we  meet  with  fossil  animals  so  distinct  from  those  now- 
living  as  to  re(j^uire  orders  for  themselves ;  and  these  do 
not  amount,  on  the  most  liberal  estimate,  to  more  than 
about  10  per  cent,  of  the  whole. 

There  is  no  certainly  known  extinct  order  of  Protozoa  ; 
there  is  but  one  amon<»^  the  Coelenterata — that  of  tin,' 
rug(jse  corals ;  tliere  is  none  among  the  Mollusca ;  there 
are  three,  th(^  C^ystidea,  Blast(ndea,  and  Edrioasterida, 
amono^  th(^  Echinoderms ;  and  two,  the  Trilobita  and 
Eury[)terida,  among  the  Crustacea  ;  making  altogetlu'i- 
five  for  the    li^reat  sub-kingdom  of  Annulosa.     Amonii' 

^    See    Hooker's    "  lutroJuctoiy    E.ssay   to    the    Flora    of    Tasmania," 
p.  xxiii. 
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Vertel)ratos  tlioiT  is  no  ordiiitil])-  distinct  fossil  fish  : 
there  is  only  one  extinct  order  of  Ani[>liil)ia — the  Jiid)y- 
riiithodonts  ;  hut  there  are  at  least  four  distinct  orders 
of  Rcptilia,  viz.  tlu^  Ichthyosauri;!,  Plcsiosauria,  Ptero- 
SidU'ia,  Dinosauria,  iind  perlia[)s  another  or  two.  There 
i.>  no  known  extinct  order  of  Biids,  and  no  certainly 
known  extinct  or(h'r  of  ^^ranunals,  the  ordinal  distinct- 
ness of  the  "Toxodontia"  heinij  douhtful. 

The  o1)jection  that  l)r()ad  statements  of  this  hind,  after 
all,  rest  lai'<i;ely  on  nei>ative  evidenc(!  is  oln'ious,  hut  it 
has  less  fo]-c(!  than  may  at  first  he  su[)i»osed  ;  for,  as 
might  l)e  ex[)ected  fi-oni  the  circumstances  of  the  cas". 
we  })ossess  more  a1)un(lant  positive  evidence  regarding 
Fishes  and  marine  ]\lollusks  than  respecting  any  other 
forms  of  animal  life  ;  an(l  yet  these  offer  us,  through  the 
\vhol(3  range  of  geological  time,  no  s})ecies  ordinarily 
distinct  from  those  now  livinii; ;  while  the  far  less 
luunerous  class  of  Echinoderms  presents  three,  and  th<'. 
Crustacea  two,  such  orders,  thouLih  none  of  these  come 
down  later  than  the  Paheozoic  age.  Lastly,  the  Re})tilia  , 
[iresent  the  exti'aoi'dinary  and  exceptional  })hcen.omenon 
of  as  many  extinct  as  existing  orders,  if  not  niori.' ;  the 
four  mentioned  maintainino;  their  existence  from  the 
Lias  to  the  (Jlialk  inclusive. 

Some  years  ago  one  of  your  Secretaries  jiointed  out 
.•mother  kind  of  positive  pala3ontological  evideiK^e  tend- 
iiM'  towards  the  same  conclusion — atfoi'de<l  hv  the 
existence  of  what  he  termed  ''persistent  types  *'  .)f  vege- 
talile  and  of  animal  life. ^  lie  stated,  on  the  authority 
i)f  Dr.  Hooker,  that  there  are  C-arhijuiferous  plants  which 
;i|)pear  to  he  generically  identical  with  some  now  living  ; 
that  the  cone  of  th(i  Oolitic  Arancarla  is  hardly  distiii- 

'  See  the  alistract  of  a  Lecture  "  On  the  Persistent  Types  of  Animal  Life" 
II  the  "  Notices  of  the  jNIeetiiigs  of  the  lioyal  Institutiuii  of  Great  Lriluiii," 
lime  ;>>,  LSry.),  vol.  iii.  p.  151. 
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guishal)lc  from  tluit  of  an  cxistiiii]^  Rpcoios  ;  that  a  triu.' 
PiiHfs  nppeni'S  in  tlic  Piirbccks  niid  a  Jni/hats  in  the 
Chalk  ;  while,  from  tlic  Bagshot  Sands,  a  Banlmi,  tl;c 
wood  of  which  is  not  distingnishal)k'  frmn  that  of  speciis 
now  livinfi;  in  Australia,  had  hcen  obtained. 

Tnrniiiii;  to  tlie  animal  kini2,(lom,  lie  alHnned  tlie  talm- 
late  corals  of  tlic  Sikirian  rocks  to  l)e  wonderfully  liki' 
those  which  now  exist ;  while  even  the  families  of  the 
Aporosa  were  all  represented  in  the  older  ^lesozoic 
rocks. 

Anion 2j  the  ^lollusca  sindlar  facts  Avere  adducid, 
Let  it  be  borne  in  mind  that  Avio'la,  j\/f/tilus,  Chiton, 
Ndtica,  P((ti'Ua,  Trochus,  Dlsc'ina,  Orhictila,  LlnrjuJo, 
JiJij/nrhoiiclla,  and  N((utilu.%  all  of  which  are  existing 
fjenera,  are  given  without  a  doubt  as  Silurian  in  the 
last  edition  of  "Siluria;"  while  the  highest  forms  of 
the  highest  Cephaloi)ods  are  represented  in  the  Lias  l)y 
a  genus,  Belemnoteuthis,  which  presents  the  closest  rela- 
tion to  the  existing  LoUgo. 

The  two  highest  groups  of  the  Annulosa,  the  Lisecta 
and  the  Arachnida,  are  represented  in  the  Coal,  either 
by  existing  genera,  or  by  forms  differing  from  existing 
genera  in  quite  minor  peculiarities. 

Turniiio-  to  the  Vertel)rata,  the  onlv  paheozoic  Elas- 
mobrancli  Fish  of  which  we  have  any  complete  know- 
ledge  is  the  Devonian  and  Carboniferous  Pleuvacanthv^, 
Avhieh  differs  no  more  from  existiuo-  Sharks  than  these 
do  from  one  another. 

Again,  vast  as  is  the  numl)er  of  undou1)teclly  Gaueid 
fossil  Fishes,  and  great  as  is  their  rano-e  in  time,  a  larav 
mass  of  evidence  has  recently  been  adduced  to  show  tluit 
almost  all  those  respecting  which  we  possess  sufficient 
information,  are  referable  to  the  same  sub-ordinal  gYo\\\^> 
as  the  existing  Lepidosteus,  PoJupterus,  and  Sturgcdn; 
and  that  a  singular  relation  obtains  between  the  ohler 
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;in<l  tlio  yoiuio'cr  Fishes  ;  the  former,  tli<^  Devoi'iaii 
({;iii()i<ls,  Ix'iiig  ahuost  all  iiieinhers  of  tlie  saint'  sulnonh'r 
as  P(fli/j>f('nis,  while  the  Mesozui'j  Oaiiuids  arc  almost 
all  similarly  allied  to  JLcjndosteus^ 

Aa'aiii,  Avhat  can  be  more  remarkable  than  the  sins>ular 
constancy  of  structure  preserved  throughout  a  vast  })criod 
of  time  by  the  family  of  the  Pycnoilonts  and  by  that 
of  the  true  Coolacanths  :  the  former  persisting,  with  but 
iiisigniiicant  modifications,  from  the  Carlxjniferous  to  the 
Tertiary  rocks,  inclusive  ;  the  hitter  existing,  with  still 
k'ss  change,  from  the  Carboniferous  rocks  to  the  Chalk, 
inclusive  ? 

xVmong  licptiles,  the  highest  living  grouj),  that  of  the 
Crocodilia,  is  re[)resented,  at  the  early  part  of  the  ^lesozoic 
I'pocli,  by  s})ecies  identical  in  the  essential  characters  of 
their  organization  with  those  now  livinu;,  and  ditferino; 
from  the  latter  only  in  such  matters  as  the  form  of  the 
articular  facets  of  the  vertebral  centra,  in  th(3  extent 
to  which  the  nasal  ])assages  are  separated  fnjni  the 
cavity  of  the  mouth  by  bone,  and  in  the  proportions 
of  the  limbs. 

And  even  as  regards  the  ^lammalia,  the  scanty 
remains  of  Triassic  and  Oolitic  species  afford  no  founda- 
tion for  the  supposition  that  the  oiganization  of  the 
oldest  forms  differed  nearly  so  much  from  S(.)me  of  those 
which  now  live  as  these  differ  from  one  another. 

!i  is  needless  to  multiply  these  instances;  enough  has 
heon  said  to  justify  the  statement  that,  in  view  of  the 
immense  diversity  of  known  animal  and  vegetal)le  f)i'ms, 
and  the  enormous  lapse  of  time  indicated  l)y  the  accumu- 
lation of  fossiliferous  strata,  the  only  circumstance  to  be 
wondered  at  is,  not  that  the  changes  of  life,  as  exhibited 
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'  'Memoirs  of  the  Gcolnoical  Survey  of  the  United  Kiiiu'iloiii. — Decide  x. 
Preliminary  Essay  upon  the  Systematic  Arrangement  of  the  Fishes  of  the 
Devonian  Epoch." 
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l)y  positive  cvidcneo,  have  been  so  great,  Init  that  llnv 
have  been  so  small. 
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Be  tliey  great  or  small,  however,  it  is  desiraldc  u 
attem[)t  to  estimate  them.  Let  us,  therefore,  take  eadi 
great  division  of  the  animal  world  in  suecessi(jn,  and, 
wh(Mievei'  an  order  or  a  family  can  l)e  shown  to  have 
had  a  prolonged  existen(;e,  let  us  endeavour  to  aseertain 
how  far  the  later  members  of  the  group  differ  from  tin 
earlier  ones.  If  these  later  memliers,  in  all  or  in  manv 
cases,  exhibit  a  (certain  amount  of  modification,  the  fact 
is,  so  far,  evidence  in  favour  of  a  general  law  of  chaiiov; 
and,  in  a  rougli  way,  tlie  ra})idity  of  that  cliange  will  In 
measured  by  the  demonstrable  amount  of  modification, 
On  the  other  hand,  it  must  be  recollected  that  the 
absence  of  any  modification,  while  it  may  leave  tlic 
doctrine  of  the  existence  of  a  law  of  change  witli(jiit 
positive  supp(jrt,  cannot  possibly  disprove  all  forms  nf 
that  do(;trine,  though  it  may  afford  a  sufficient  r^jfuta- 
tion  of  many  of  them. 

The  PjJOTozoA. — The  Protozoa  are  represented  throuoji- 
out  the  whole  ranixe  of  ocDloiiical  series,  from  the  Lower 
Silurian  formation  to  the  present  day.  The  most 
ancient  forms  recently  made  known  by  Ehrenberg  aiv 
exceedingly  like  those  which  now  exist  :  no  one  has  ever 
pretended  that  the  difference  between  any  ancient  and 
any  nKjdern  Fcn'aminifera  is  of  more  than  gx^neric  value ; 
nor  are  the  oldest  Foraminifera  either  simpler,  moiv 
embryonic,  or  less  differentiated,  than  the  existing  forms, 

The  C(ELENt1!:eata. — The  Tabulate  Corals  have  existed 
from  the  Silurian  epoch  to  the  present  day,  but  I  am  not 
aware  that  the  ancient  IlelioUtcs  possesses  a  single  mark 
of  a  more  embryo) lie  or  less  differentiated  character,  or 
less  high  organization,  than  the  existing  Ileliopoya.  As 
for  the  Aporosc  Corals,  in  what  respect  is  the  Silurian 
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Pnhvocyclns  less  highly  organized  or  more  emhryonie 
than  the  modern  Fiiu(j')<f,  or  the  Liassie  Aporosa  than 
the  existing  memhers  of  the  same  families  i 

The  Mollusca. — In  what  sense  is  tlu^  living  Wnhl- 
U'liaui  less  end)iyonie,  or  more  specialized,  than  the 
i);i]feozoie  Sj)U'iJ('r ;  or  the  existing  y»V////k7/oy/(7/rr,  Cr((- 
ii'ur,  JJisciiKr,  Liiigulff,  than  the  Silui'ian  species  of  the 
snnie  genera?  In  what  sense  can  Lvli<)<)  (►r  Spirxia 
he  said  to  he  more  specialized,  or  less  end)ryonic,  than 
Iklcniintcs  ;  or  the  modern  species  of  Laniellihranch  and 
(Jasteropod  genera,  than  the  ^Silurian  species  of  the  same 
oeiiera  ? 

The  Anniilosa. — The  Carhoniferous  Insectaand  Arach- 
iiida  are  neither  less  si)ecialized,  nor  more  emhiyonic, 
than  those  that  now  live,  nor  are  the  Liassi<'  ('irrij)edia, 
aiitl  iMaerura  ;  \vhile  several  of  the  Jh-achvura,  which 
ii'tpcar  in  the  Chalk,  helonui:  to  existinu"  uenera  ;  and 
lume  exhihit  either  an  intermediate,  or  an  end)rvonic, 
chnracter. 

The  Yertkbrata. — Among  fishes  T  have  referred  to 
the  Coelaeanthini  (compi'ising  the  genera  Ca'lacdntlius, 
IloJojjJiar/ns,  UtHTina,  and  ]\L(icropoma)  as  affording  an 
example  of  a  persistent  type  ;  and  it  is  m')st  remai'kahle 
to  note  the  smallness  of  the  differences  l)etween  any  of 
these  fishes  (aflecting  at  most  the  proj>ortions  of  the 
liody  and  fins,  and  the  character  and  scul})tu]-e  of  the 
scales),  notwithstanding  their  enormous  range  in  time. 
In  all  the  essentials  of  its  very  pe(  uliar  structure,  the 
}fa.ci'opoma  of  the  Chalk  is  identical  with  thd  Cielacan- 
thns  of  the  C-oal.  f^ook  at  the  genus  Lcpidotns,  again, 
persisthig  with(»ut  a  modiiication  of  importance  IVoni  the 
Liassie  to  the  Eocene  foi-mations,  inclusive. 

Or  among  the  Teleostei — in  what  respect  is  the  Bcrijx 
nf  the  Chalk  more  emhiyonic,  or  less  differentiated,  than 
Ui'rijx  Uneatus  of  King  Geoi'ge's  Sound  ? 
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Or  to  tiii'ii  to  tlic  liiolior  Vertebrata — in  wlint  sense 
arc  the  Tiiihssic  Chclouia  hifcrior  to  those  Avliicli  iinw 
<'xist '^  How  arc  the  (Vctaccoiis  Ichtliyosauria,  ricsio- 
sniiria,  or  Ptci'osauria  h'ss  ciiihryonic,  or  more  dhU'r- 
ciitintcl,  species  than  tliose  of  the  Lias? 

Or  lastly,  in  what  circnmstance  is  the  PJiascolothcrum 
more  einl>ryoni(;,  or  of  a  more  generalized  ty})e,  than  tlif 
modern  Opossum  ;  or  a  Lophiodon,  or  a  Puld'otJici'lmn, 
than  a  moch-rn   Tap'irus  or  Ilijvax/^ 

These  exam[>les  might  be  ahnost  indefinitely  nuilti- 
pb'ed,  but  surely  they  are  sufficient  to  })r(jvc  that  the 
only  safe  and  un<|uestionable  testimony  we  can  prociuv 
■ — positive  cvich'nce  — fails  to  dem<jnstrate  any  sort  uf 
progressive  modification  towards  a  less  end)ryonic,  or  less 
generalized,  type  in  a  great  many  groups  of  animals  ef 
lono'-continued  o-eolomcal  existence.  In  these  <»toui)s 
there  is  abundant  evidence  of  variation — none  of  what 
is  ordinarily  understood  as  progression ;  and,  if  tlic 
known  ovolooieal  record  is  to  be  reoarded  as  even  aiiv 
considerable  fragment  of  the  \Adiole.  it  is  inconceivahk' 
that  any  theory  of  a  necessarily  progressive  development 
can  stand,  for  the  numerous  orders  and  families  cited 
afford  no  trace  of  such  a  process. 

But  it  is  a  most  remarkable  fact,  that,  while  the 
groups  which  have  been  mentioned,  and  many  besides, 
exhibit  no  sign  of  progressive  modification,  there  are 
others,  coexisting  with  them,  under  the  same  conditions, 
in  wdiicli  more  or  less  distinct  indications  of  such  a 
process  seem  to  be  traceable.  Among  such  indications 
I  may  remind  you  of  the  predominance  of  Holostonie 
Gasteropoda  in  the  older  rocks  as  compared  with  that  of 
Siphonostome  Gasteropoda  in  the  later.  A  case  less  o])en 
to  the  ol)jection  of  negative  evidence,  however,  is  that 
afforded  by  the  Tetrabranchiate  Cephalopoda,  the  forms 
of  the    shells   and  of  the    septal   sutures    exhibiting  a 
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rcimiii  inci'cnsc  of  comi)lexity  in  tlic  newer  ocnci-ii. 
HciT,  however,  one  is  met  at  once  with  the  oecuri-enee 
of  ()rthoi'('i'its  and  JJaculitcs  at  the  two  ends  (»f  the 
scries,  ciiul  of  the  fiu^t  that  one  of  the  simph'st  genera, 
Xmitflus,  is  that  which  now  exists. 

The  Crinoi(h;a,  in  the  abiUKhinee  of  stalked  forms  in 
tlic  ancic'nt  formations  as  eom})ared  witii  their  present 
rarity,  seem  U)  present  us  with  a.  fair  case  of  modification 
from  a  more  em1>ryonic  towards  a  h'ss  end)ryonic  con- 
dition. J>ut  then,  on  careful  consideration  of  tlie  l;i<'ts, 
the  objection  arises  that  the  stalk,  calyx,  and  arms  of 
the  paheozoi(;  Crinoid  are  exceedingly  dilferent  from  tlie 
rurresponding  organs  of  a  hirval  Coiuatala  ;  and  it  might 
with  perfect  justice  he  argued  that  Actihocrutus  and 
Eumhiptofriuus,  for  example,  depart  to  the  full  as 
widely,  in  one  direction,  from  the  stalked  embryo  of 
Cuinatula,  as  Comatula  itself  does  in  the  other. 

The  Echinidea,  again,  are  fi'cqiicntly  (quoted  as  ex- 
hibiting a  gradual  })assage  from  a  more  generalized  to  a 
more  specialized  type,  seeing  that  the  elongated,  or  oval, 
Spatangoids  ai)pear  after  the  spheroidal  Echinoids.  JUit 
here  it  might  be  argued,  on  the  other  hand,  that  the 
spheroidal  Echinoids,  in  reality,  depart  further  from  the 
general  plan  and  from  the  embryonic  form  than  the 
elongated  Spatangoids  do  ;  and  that  the  peculiar  dental 
apparatus  and  the  pedicellarije  of  the  former  are  marks 
of  at  least  as  great  differentiation  as  the  petaloid  ambu- 
lacra and  semitse  of  the  Litter. 

Once  more,  the  prevalence  of  Macrurous  before  Bra- 
cliyurous  Podoplithalmia  is,  apparently,  a  fair  piece  of 
evidence  in  favour  of  progressive  modification  in  the 
same  order  of  Crustacea ;  and  yet  the  case  will  not 
staucl  much  sifting,  set.'ing  that  the  ^lacrurous  Podo[th- 
thalmia  de])art  as  far  in  one  direction  from  the  common 
tyf)e  of  Podoplithalmia,  or  from  any  embryonic  condition 
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None  of  t:]i(!  cases  of  ])i'()i;r<'ssiv('  inodilic'il ion  \vlii(|i 
{U'(!  cited  IVoin  amoiiL;'  the  lii\'crt('l)iala  apixar  to  iiic  \u 
liavc  a.  foundation  less  open  to  criticism  llian  tlics(!  ;  ainl 
if  lliis  1)('  so,  no  careful  reasoiKtr  would,  I  lliink,  l)c  in- 
clined to  lay  very  ,L;reat  stress  upon  tlieni.  AiiKtni;'  tin 
Vertebrata,  liowever,  tliere  ai'e  a  few  ('xani]»les  wliidi 
a[)])(!ar  to  he  iar  less  open   to  ohjeetion. 

It  is,  ill  fact,  ti'ue  of  scN'eral  groups  of  X'ertehrata 
Avliirli  liavc  lived  tlirouuii  ;i  consideralde  rani-e  of  time, 
that  the  eiidoskeleton  (nior(i  ])articu!arl}'  the  s[)iii;i! 
colunin)  of  the  older  ,L;cnera  [iresents  a  less  ossified,  and, 
s(j  iar,  less  diirereiitiateil,  condition  than  lluit  of  tin' 
youii^ujei'  o'enera.  Thus  th(i  ].)e^■onian  (lanoids,  thoiiL;li 
almost  all  incmhers  of  the  sam(3  sul)-(jrder  as  /^>///y>/c/■'/,^. 
and  in'cseiitiuL;'  numerous  im))ortaiit  resemhlances  to  the 
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for  tlu3  most  part,  wholly  devoid  of  ossilied  vertehnil 
centra.  The  .Mesozoi(;  Lepidosteidii',  ai^ain,  lia\'e,  at  nio-t. 
1)iconcave  vert('l)]'<*c,  while  the  existing"  Lrj^'f/ostcus  liii- 
Salamandi'oid,  (»pisthoc(L'lous,  vertehrju.  So,  iioiu.'  of  tli' 
I'aheozoic  Sharks  hiiN'(j  shown  themselves  to  he  jH)sse>s('([ 
of   ossified    vertebi'jL',    while     tlu;     majority    of    modirn 
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Tlic  late  aide  ielitliyolo^ist  lleekel  pointed  out  tin; 
fiift,  tliat,  while  the  l*yenod(nits  never  |»osse.ss  true  ver- 
tcliiai  eenti'a,  they  difrci-  in  the  de;4i'ee  of  expansion  and 
extension  of  the  ends  of  the  Itony  ai'ehes  of  the  vertel)ra> 


ipon 


tlu;    sheath   of   the   notof-liord  ;   tiie   ( *ail»oniferous 


I'orniH  exhiliitinuf  liardly  any  such  ex]>ansion,  while  the 
Mcsozoie,  irener.'i  present  a  greater  and  gi'eater  develop- 
iiicnt,  until,  in  tlic^  'J'ertiaiy  f(!'nis,  tlie  expande(l  ends 
liccome  suturally  unite  d  ho  as  to  form  a  sort  of  false  ver- 
tebra. TTerrnaiin  von  Meyer,  again,  to  whose  luminous 
iTscaielies  we  are  indel>te<l  foi-  our  present  large;  know- 
ledge of  the  oi-gaiiization  of  the  older  rialtyriii(hod.)nts, 
has  proved  that  the  (*arl)onifei"ous  Arch('(/(>s(ntrns  had 
very  imperf<'etly  develoj»ed  vertehral  eentia,  while  th<', 
Triassie  Mastodoiisanrns  liad  the  same  j)arts  eompletely 
ossified.^ 

The  regularity  and  evenness  of  the  dentition  of  the 
.{noph'tltcrixui,  as  contrasted  with  that  (»f  existin 
Artiodaetyles,  and  the  assimieel  nearer  ajtproaeh  of  th(! 
dentition  of  certain  ancient  Carnivores  to  the  ty}>ical 
iirningement,  have  also  heen  cited  as  exemplifications  of 

law   of  progi'cssive    development,  hut    I    know  of  no 


iitlicr  cases  based  on  positiv 
of  particular  notice 


.1 


e  evidence  w 


hicl 


1  are  worthy 


What  then  does  an  impartial  survey  of  the  positively 

iisccrtained  truths  of  pal.'contcdogy  testify  in  relation  to 

tlic  common  docti'ines  of  pi'ogressive  inodification,  \\hi(di 

|.,,.  I  su])p()se  that  modification  to  liave  taken  })lace  l»y  a  Tie- 


f'cssaiy  progress  from  more  to  less  einhryonie   lorms,  or 
from  moi'c  to  less  generalized  tv]»es,  within  tlie  limits  of 
tlif3  period  I'cpresented  l)y  tli(3  fossiliferous  i-cxdcs  ? 
ft  negatives  those  doctrines;  for  it  either  shows  us  no 

'  As  this  Afldross!  is  pjissinjr  throujfh  the  ;>''('ss  (March  7,  l^fif'.  evidence 
lies  lielore  mo  of  the  existence  of  a  new  Liil)yrinth(j(lont  (I'holldofjasttr), 
from  tlie  Edinburgh  coal-field,  with  well-ossitied  vertebral  centra. 
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cvidonco  of  any  hucIi  modilicatioii,  or  (Icinonstrntt's  it  i,, 
liavo.  1)0('U  vciy  sli;;iit  ;  and  as  to  \\h\  nature  of  tli.it 
niodilication,  it  yields  no  evidence  wliatsoever  that  \\w 
earlier  nienduTs  of  any  lonn-eontinued  i>roup  were  mnic 
ocneralized  in  Htriietin'e  than  the  later  ones.  To  ii  eeitain 
extent,  indeed,  it  may  Ix^  said  that  imiteifeet  ossifieatiun 
of  the,  vei'tehral  eolunin  is  an  end)i'vonie  eharaetcr; 
but,  on  th(5  other  hand,  it  would  l)e  extremely  incei'- 
rect  to  suppose  that  the  verteliral  (M)hnnns  of  the  older 
Vertohrata  tire  in  any  sonse  emhrvonie  in  their  wlioji 
structure. 

Obviously,  if  the  earliest  fossiliferous  rocks  now  known 
lire  eoevul  with  the  commencement  of  life,  and  if  tlicii 
contents  give  us  any  just  conception  of  the  nature  and 
the  extent  of  the  earliest  fauna  and  floi'a,  the  insig- 
nificant amount  of  modification  which  can  he  demon- 
strated to  have  taken  place  in  any  one  gnnq)  of  aniniiil>, 
or  plants,  is  quite  incompatiljle  witli  the  hypothesis  that 
all  liviniij  forms  are  the  results  of  a  necessary  process  of 
progressive  development,  entirely  comprised  within  tlu' 
time  represented  by  the  fossiliferous  rocks. 

Contrariwise,  any  admissible  hypothesis  of  progressivi' 
modification  must  be  compatible  with  persistence  witli- 
out  progression,  through  indefinite  periods.  And  should 
such  an  hy[)othesis  eventually  be  })royed  to  be  true,  in 
the  only  Avay  in  whicdi  it  can  be  demonstrated,  viz.  In- 
observation  and  ex})erinient  ui)on  the  existing  forms  of 
life,  the  conclusion  will  inevitably  present  itself,  that  the 
Palaeozoic,  Mesozoic,  and  CJainozoic  fauna?  and  iiui'a\ 
taken  together,  bear  somewhat  the  same  proportion  to 
the  whole  series  of  living  beings  which  have  occujiiid 
this  ojlobe,  as  the  existino-  fauna  and  fiora  do  to  them. 

Such  arc  the  rcsidts  of  pala3ontology  as  they  a[)])eai; 
and  have  for  some  years  ap[)eared,  to  the  mind  of  an 
inquirer  who  regards  that  study  simply  as  one  of  the 
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iinpHcations  of  the  ujivat  luolooical  scicncos,  and  who 
(li'siros  to  HOC  it  phu-cd  upon  tlic  same  sound  hnsi.s  as 
iithi'i'  hraiichcs  of  physical  in(piirv.  If  tlii'  ai'o'unu'Ut.s 
whicli  iiavc  hccu  hr(»ui>lit  foi-ward  aro  valid,  [H'ohahly  no 
one,  in  view  of  tli(!  [H'csi'iit  state  of  opinion,  will  ho 
inclined  to  tliink  the  time  wastod  whieh  has  boon  spent 
upon  their  elahoration. 
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"A  groat  reform  in  geological  speculation  seems  now  to  have  b(cnii:. 
necessary.' 

"  It  is  quite  certain  that  a  great  mistake  has  heon  made, — that  ijiiti-ii 
popular  geology  at  the  present  time  is  in  direct  opposition  to  the  principle 
of  Natural  Philosophy."^' 

In  revicwiiiof  the  course  of  cfeolooical  tliouii^lit  diuiu:: 
the  past  year,  for  the  purpose  of  discovering  tiios 
matters  to  wliich  1  might  most  fitly  direct  your  attention 
in  the  Adch'ess  which  it  now  becomes  my  duty  to  (khvd 
from  the  Presi(h4itial  Ghair,  tlie  two  somewhat  alarniini: 
sentences  which  I  have  just  read,  and  wliich  ocriw  in 
an  able  and  interesting  essay  l)y  an  eminent  natuml 
philosopher,  rose  into  such  })rominencc  before  my  niim! 
that  they  eclipsed  everything  else. 

It  surely  is  a  matter  of  })aramount  importance  fui  tli' 
British  geologists  (some  of  them  very  popular  guolooist^ 
too)  here  in  solemn  annual  session  assemljled,  to  in(|iiiii 
whether  the  severe  judgment  tlius  passed  upon  iheni  liv 
so  high  an  authority  as  Sir  William  Thomson  is  ouv  t" 
wliich  they  must  plead  guilty  sa)i.^  j)Ju'asc,  or  whetliti 
they  are  2)repared  to  say  "  not  guilty,"  and  appeal  for  a 


'  On  Geological  Time.     By  Sir  W.  Thomson,  LL.D.     Transactwns  vi  \b 
Geological  Society  of  Glasgow,  vol.  iii. 
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ii'vcrsal  of  tlie  sentence  to  that  higher  court  of  educated 
scientific  opinion  to  which  we  are  all  amenable. 

Ari  your  attorney-general  for  the  time  being,  I  thought 
I  could  not  do  l>etter  than  get  up  the  case  with  a  view 
of  iah'ising  you.  It  is  true  tluit  the  charges  brouglit 
forward  by  the  other  side  involve  the  consideration  of 
matters  quite  foreign  to  the  pursuits  with  which  I  am 
ordinarily  occui)ied ;  but,  in  that  respect,  I  am  only  in 
tlio  position  which  is,  nine  times  out  of  ten,  occupied  by 
counsel,  who  nevertlieless  contrive  to  gain  tlieiv  causes, 
mainly  by  force  of  mother-wdt  and  common  sense,  aided 
by  some  training  in  other  intellectual  exercises. 

Nerved  by  such  precedents,  I  proceed  to  put  my 
pleading  before  you. 

And  the  first  question  with  which  T  propose  to  deal 
is,  Wiiat  is  it  to  Avhich  Sir  W.  Thomson  refers  when  he 
speaks  of  "  geological  speculation  "  and  "  British  popular 
lieoloo-y  "  ? 

I  find  three,  more  or  less  contradictory,  systems  of 
iicologicnl  thought,  each  of  which  might  fairly  enough 
^■laim  these  appellations,  standing  side  by  side  in  Britain. 
I  shall  call  one  of  them  Catastkophism,  another  Uni- 
FORMiTAUiANisM,  the  third  Evolutionism  ;  and  I  shall 
try  briefly  to  sketch  the  characters  of  each,  that  you  may 
say  whether  the  classification  is,  or  is  not,  exhaustive. 

By  Catastrophism,  I  mean  any  form  of  geological 
speculation  which,  in  order  to  account  for  the  ])htenomena 
of  geology,  supposes  the  operation  of  forces  different  in 
their  nature,  or  immeasurably  different  in  power,  from 
tliose  which  we  at  present  see  in  action  in  the  universe. 

The  Mosaic  cosmogony  is,  in  this  sense,  catastrophic, 
because  it  assumes  the  operation  of  extra-natural  })Ower. 
Tile  doctrine  of  violent  u})l]eavals,  dcbikdes,  and  cata- 
dysras  in  general,  is  catastro])liic,  so  far  as  it  assumes 
iliat  these  were  brought  about  by  causes  which  have 
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now  no  parallel.  '^J'licrc  wns  a  time  vvlicn  ('nt;iKti'o]»]iis))i 
might,  pre-eminently,  have  eiaim'-d  tli(;  title  of  "  Biitisli 
popiilnr  geology;"  and  .'issin'<'<lly  it  hns  yet  niMiiy  inl- 
lierents,  and  re'ekoii.s  Jimoiig  its  supporters  some  of  tin 
most  lionoured  mtnnbers  of  this  So('i«;ty. 

Wy  Unikohmitaimaxism,  I  mean  especially,  the  teach- 
ing of  Mutton  and  (jf  liyell. 

That  gr(!at,  though  in(;oinplet(i  work,  "  The  'J'heoiy  dl 
the  Earth,"  seems  to  me  to  he  one  of  the  most  reiriMrkalil 
eoutrilmtions  to  geology  whieh  is  ree  "  led  in  tiu^  nuuiik 
of  the  seienee.  So  far  as  the  not-living  worhl  is  con- 
cerned, nniformitjriariism  lies  th(3re,  not  only  in  germ, 
but  in  bh)Ssom  and  fiuit. 

If  one  a.-ks  how  it  is  that  Ifutton  was  led  to  entei'tain 
views  so  far  in  advance  of  those  ])i"evalent  in  his  time,  in 
s(mie  respects  ;  whih',  in  others,  they  seem  almost  curi- 
ously limite(l,  the  answer  apjx'ars  to  m(i  to  be  plain. 

Ilutton  was  in  advaixM;  of  the  geological  sjx'cuhition 
of  his  time,  becanse,  in  ,he  first  [)lace,  he  had  amassed  a 
vast  store  of  knowledge  of  the  fa.(;ts  of  geology,  gathcivd 
l)y  personal  observatioji  in  travt'ls  of  (tonsidei-abh;  extent: 
and  because,  in  the  sectond  place,  he  was  thoi'ouulily 
traiiKMl  in  the  physical  and  chemical  scieiKU)  of  his  day, 
and  thus  possessed,  as  nuudi  as  any  oni;  in  his  tiim 
could  possess  it,  the  knowledge  which  is  requisite  fur 
the  just  interjiretation  of  geological  phaMiomena,  ainl 
the  habit  of  thought  which  fits  a  man  f(jr  scientili, 
inquiry. 

it  is  to  this  thorough  scientific  training,  that  T  asciil/ 
Hutton's  steady  and  persistent  refusal  to  look  to  otlni 
causes  than  those  now  in  o})eration,  for  the  explanation 
of  geological  pluonomena. 

Thus  he  writes  : — "  I  do  not  pretend,  as  he  [M.  de  Luc] 
does  in  his  theory,  to  describe?  the  beginning  of  thiiig> 
1  take  things  such    as   I   find  them    at    present ;   ami 
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from  tliese  I  reiison  Avitli  regnid  to  that  whieh  nuist 
liiive   heen."  ^ 

And  ag.'iin  : — "A  theoiy  of  tlie  earth,  wliich  lias  for 
object  trntli,  can  have  no  retrospect  to  that  which  had 
|)icceded  th(!  present  order  of  the  world;  ior  this  order 
iiloiie  is  what  we  havt;  to  reason  upon  ;  and  to  reason 
without  data,  is  nothing  hut  delusion.  A  theory,  there- 
foiv,  which  is  liniite(l  to  the  actual  const ituti(tn  of  this 
(iirtli  cannot  he  allowed  to  proceed  one  step  heyond  the 
present  oi'der  of  things/'" 

And  so  clear  is  he,  that  no  causes  beside  such  as  are 
now  in  operation  a  in;  needed  to  account  for  the  (diaracter 
iind  disjKjsition   of  th(!   components  of  the  crust  of  the 
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iirth,  that  he  says,  broadly  and  boldly 
is  no  part  of  the  earth  which  has  not  had  the  siinui 
origin,  so  far  as  this  (consists  in  that  earth  being  collected 
lit  th<'  bottom  k^\  the  sea,  and  afterwards  produce(K 
;is  land,  along  with  masses  of  melted  substances,  by  the 


operation  ot  mineral  causes.    '^ 

lUit  otli(;r  influeMices  were  at  work  ujtoii  TTutton  beside 
those  of  a  mind  logical  by  Nature,  and  scientifi(;  by 
sound  training  ;  and  the  peculiar  turn  which  his  syx'cu- 


atioiis 


took 


seems  to  me 


to  1 


)e  un 


intell 


lU'ihie,  unless  tliese 


th 


l»o  taken  into  ac(;ouiit.  The  arguments  of  the  French 
iistronomers  and  mathematicians,  which,  at  tin;  end  of 
tli(3  last  cent\iry,  w<'re  held  to  demonstrate  tli(3  existence 
of  a,  compensatino;  arrangement  anions^;  the  cel(\stial 
liodies,  whereby  all  perturbati(jns  eventually  reduced 
themselves  to  oscillations  on  e;vcli  si<le  of  a  nujaii  po- 
sition, and  the  stability  of  the  solar  system  was  sc.'cured, 
had  evidently  taken  strong  hold  of  Mutton's  mind. 

In  those  oddly  const ruc'ted  j>eriods  which  seem  to  liav(! 
]i'vjiidiced  many  pcirsons  against  reading  his  w<,>rks,  but 
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which  are  full  of  that  peculiar,  if  unattractive,  eloquciKr 
which  flows  from  mast(}ry  of  the  subject,  Hutton  says  :— 

"  We  have  now  got  to  the  end  of  our  reasoning  ;  wc 
have  no  data  further  to  conclude  immediately  from  that 
which  actually  is.  l>ut  we  have  got  enough  ;  we  Iuiyu 
the  satisfaction  to  find,  that  in  Nature  there  is  wisdom, 
system,  and  consistency.  For  having,  in  the  natural 
history  of  this  earth,  seen  a  succession  of  worlds,  we 
may  from  this  conclude  that  there  is  a  system  in  Nature ; 
in  like  manner  as,  from  seeing  revolutions  of  the  planets, 
it  is  concluded,  that  there  is  a  system  by  which  they  are 
intended  to  continue  those  revolutions.  But  if  the  suc- 
cession of  worlds  is  establishi^d  in  the  system  of  Nature, 
it  is  in  vain  to  look  for  anything  higher  in  the  origin  of 
the  earth.  The  result,  therefore,  of  this  physical  inquiry 
is,  that  we  find  no  vestige  of  a  beginning, — no  prospect 
of  an  end."  ^ 

Yet  another  influence  Avorked  strongly  upon  Hutton. 
Like  most  philosophers  of  his  age,  he  coquetted  Avitli 
those  final  causes  which  have  been  named  barren  viroins, 
but  which  might  be  more  fitly  termed  the  hetaine  ut 
philosophy,  so  constantly  have  they  led  men  astray. 
The  final  cause  of  tlie  existence  of  the  world  is,  for 
Hutton,  the  production  of  life  and  intelligence. 

"  \ye  have  now  considered  the  globe  of  this  earth 
as  a  machine,  constructed  upon  chemical  as  well  as 
mechanical  principles,  by  which  its  diff'erent  parts  are  all 
adapted,  in  form,  in  quality,  and  in  quantity,  to  a  certain 
end  ;  an  end  attained  with  certainty  or  success  ;  and  an 
end  from  which  we  may  peri;eive  wisdom,  in  contem- 
plating the  means  employed. 

"  But  is  this  world  to  be  considered  thus  merely  as  a 
machine,  to  last  no  longer  than  its  parts  retain  their 
present  position,  their  j)i'oper  forms  and  qualities  '?     Or 

^  The  Theory  of  the  Earth,  vol.  i.  p.  200. 
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may  it  not  be  also  considered  as  an  organized  body  ? 
such  as  has  a  constitution  in  which  the  necessary  decay 
of  the  maehine  is  naturally  I'cpaired,  in  the  exertion  of 
those  productive  powers  by  which  it  had  been  formed. 

"This  is  the  view  in  which  we  are  now  to  examine 
the  glo1)e  ;  to  see  if  tliere  be,  in  the  constitution  of  this 
world,  a  reproductive  operation,  1)y  wliieh  a  ruined  con- 
stitution may  be  again  repaired,  and  a  duration  or 
stahiHty  thus  procured  to  the  macliin(%  considered  as  a 
world  sustaining  plants  and  animals."  ^ 

Kirwan,  and  the  other  Philistines  of  the  day,  accuse  1 
Hutton  of  deelaring  that  Ins  theory  implied  that  the 
world  never  had  a  beoiuninix,  and  never  ditfered  in 
condition  from  its  present  state.  Nothing  could  be  more 
gTos.sly  imjust,  as  he  expressly  guards  himself  against 
anv  such  conclusion  in  the  foUowino-  terms : — 

"  But  in  thus  tracing  l)ack  the  natural  operations 
which  have  succeeded  each  other,  and  mark  to  us  the 
course  of  time  past,  we  co]ne  to  a  period  in  which  we 
cannot  see  any  farther.  This,  however,  is  not  the 
l)eginning  of  the  operations  which  proceed  in  time  and 
according  to  the  wise  economy  of  this  world  ;  nor  is  it 
the  establishing  of  that  which,  in  the  course  of  time, 
had  no  Ijeginning  ;  it  is  only  the  limit  of  our  retrospec- 
tive view  of  those  operations  which  have  come  to  pass 
ill  time,  and  have  been  conducted  by  supreme  intel- 
ligence. "  ^ 

1  have  spoken  of  Uniformitarianism  as  the  doc^trine  of 
Hutton  and  of  Lyell.  If  I  have  rpioted  the  older  Avriter 
rather  than  the  newer,  it  is  because  his  works  are  little 
known,  and  his  claims  on  our  veneration  too  frequ(^ntly 
forgotten,  not  because  I  desire  to  dim  the  fame  of  his 
eminent  successor.  Few  of  the  present  generation  of  gec)- 
logists  have  read  Playfair's  "Illustrations,"  fewer  still  the 
^  The  Theory  of  the  Earth,  vol.  i.  pp.  16,  17.  "  Il)ia.fp.  -I-IX 
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orioinnl  "  Theory  of  the  Earth  ;"  the  more  is  tlie  pity ; 
but  wliic'h  of  us  has  not  thumbed  every  page  of  the 
"  Principh's  of  Geoh)oy  ? "  I  think  that  he  who  Avritcs 
fairly  the  history  of  his  own  progress  in  geohjgifal 
thought,  will  not  be  able  to  separate  his  debt  to  Huttoii 
from  his  obligations  to  Ly(*ll ;  and  the  history  of  the 
progress  of  indiv^idual  geologists  is  the  history  of  geolooy. 

No  one  can  doubt  that  the  influence  of  unifurmitariiui 
views  has  been  enormous,  and,  in  the  main,  most 
beneficial  and  favourable  to  the  progress  of  sound 
geology. 

Nor  can  it  be  questioned  that  Uniformitarianism  has 
even  a  stronger  title  than  Catastrophism  to  call  itself  the 
geological  speculation  of  T3ritain,  or,  if  you  Avill,  British 
popular  geolog}.  For  it  is  eminently  a  British  doctrine, 
and  has  even  now  made  comparatively  little  progress 
on  the  continent  of  Europe.  Nevertheh^ss  it  seems  to 
me  to  be  open  to  serious  criticism  upon  one  of  its 
aspects. 

I  have  shown  how  inijust  was  the  insinuation  that 
Hutton  denied  a  beoinninoj  to  the  world.  But  it  would 
not  be  unjust  to  say  that  he  persistently,  in  practice, 
shut  his  eyes  to  the  existence  of  that  prior  and  different 
state  of  things  which,  in  theory,  he  admitted ;  and,  in 
this  aversion  to  look  beyond  the  veil  of  stratified  rocks, 
Lyell  follows  him. 

Hutton  and  Lyell  alike  agree  in  their  indisposition 
to  carry  their  speculations  a  step  beyond  the  period 
recorded  in  the  most  ancient  strata  now  open  to  obser- 
vation in  the  crust  of  the  earth.  This  is,  for  Hutton, 
"the  point  in  which  we  cannot  see  any  farther;"  while 
Lyell  tells  us, — 

"  The  astronomer  may  find  good  reasons  for  ascribini; 
the  earth's  form  to  the  original  fluidity  of  the  mass,  in 
times  lonof  antecedent  to  the  first  introduction  of  living 


I  \v 


ction  of  living 


XI.] 


GEOLOGICAL  REFORM. 


2:i5 


beings  into  the  planet ;  Imt  tlie  geolooist  must  be  content 
to  regard  the  earliest  ninnunients  which  it  is  his  task  to 
interpret,  as  belonging  to  a  period  when  the  crnst  had 
already  accjuired  great  solidity  and  thickness,  probably 
as  great  as  it  now  i)Ossesses,  and  when  volcanic  rocks, 
not  essentially  dift'crino;  from  those  now  ])rodiiced,  were 
formed  from  time  to  time,  the  intensity  of  volcanic  heat 
beinii'  neither  greater  nor  less  than  it  is  now.'"- 

And  again,  "As  geologists,  we  learn  that  it  is  not  only 
the  present  condition  of  the  globe  which  has  been  snitcd 
to  the  accommo(hition  of  myriads  of  living  (;rcatures,  but 
that  many  former  states  also  have  been  ada[)ted  to  the 
organization  and  habits  of  ])rior  races  of  beings.  The 
disposition  of  the  seas,  continents  and  islands,  and  the 
climates,  have  varied ;  the  species  likewise  have  been 
changed ;  and  yet  they  have  all  been  so  modelled,  on 
types  analogous  to  those  of  existing  plants  and  animals, 
as  to  indicate,  throughout,  a  perfect  harmony  of  design 
and  unity  of  purpose.  To  assume  that  the  evidence  of 
the  begirming,  or  end,  of  so  vast  a  scheme  lies  within 
the  reach  of  our  philosophical  incpiiries,  or  even  of  our 
speculations,  appears  to  be  inconsistent  with  a  just 
estimate  of  the  relations  which  subsist  between  the  finite 
powers  of  man  and  the  attributes  of  an  infinite  and 
eternal  Beino;."  ^ 

The  limitations  implied,  in  these  passages  appear  to 
me  to  constitute  the  weakness  and  the  looical  defect  of 
imiformitarianism.  No  one  wdll  impute  blame  to  Hutton 
that,  in  face  of  the  imperfect  condition,  in  his  day,  of 
those  physical  sciences  which  furnish  the  keys  to  the 
riddles  of  geology,  he  should  have  thought  it  practical 
wisdom  to  limit  his  theory  to  an  attempt  to  account  for 
"  the  present  order  of  things  ;  "  but  I  am  at  a  loss  to  com- 
prehend why,  for  all  time,  the  geologist  must  be  content 

^  Principles  of  Geology,  vol.  ii.  p.  211.  '^  Ibid.  p.  013. 
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to  regard  the  T)l(lest  fossiliferous  rocks  as  the  ultima 
Thiile  of  his  science;  or  wluit  there  is  inconsistent  with 
the  relations  between  the  finite  and  the  infinite  niincl,  in 
the  assnmj)tioii,  tliat  we  may  discern  somewhat  of  tlic 
beginnhig,  or  of  the  end,  of  this  speck  in  space  we  cull 
our  earth.  The  finite  mind  is  certainly  competent  to 
trace  out  the  development  of  the  fowl  within  the  egg  ; 
and  I  know  not  on  what  ""round  it  should  finti  moic 
difficulty  in  unravelling  the  com])lexities  of  the  develop- 
ment of  the  eaiUi.  In  fact,  as  Kant  has  well  remarked,^ 
the  cosmical  process  is  really  simpler  than  the  biological. 

This  attempt  to  limit,  at  a  particular  point,  the  progress 
of  inductive  and  deductive  reasoninix  from  the  thinos 
which  are,  to  those  which  wei'e — this  faithlessness  to  its 
own  logic,  seems  to  inc  to  have  cost  Uniformitarianism 
the  pLiCc,  as  the  jicrmanent  form  of  geological  specula- 
tion, which  it  might  otherwise  have  held. 

It  remains  that  I  should  put  before  you  what  I 
understand  to  be  the  third  phase  of  geological  specula- 
tion— namelv.  Evolutionism. 

I  shall  not  make  what  I  have  to  say  on  this  head 
clear,  unless  I  diverge,  or  seem  to  diverge,  for  a  while, 
from  the  direct  path  of  my  discourse,  so  far  as  to  explaiii 
Avhat  I  take  to  be  the  scope  of  geology  itself.  I  conceive 
geology  to  be  the  history  of  the  earth,  in  precisely  tht- 
same  sense  as  biology  is  the  history  of  living  beings ; 
and  I  trust  yon  w^ill  not  think  that  I  am  overpowered  by 
the  influence  of  a  dominant  pursuit  if  I  say  that  I  trace 
a  close  analogy  between  these  two  histories. 

If  I  study  a  living  being,  under  what  heads  does  the 

^  "  Man  dtirf  es  sich  also  iiiclit  befreniden  las?^n,  .venn  ich  mien  unterstehe 
/u  Siio;(.'n,  dass  eher  die  Bildung  aller  Himiuelskorper,  die  Ui.sache  ihrer 
Beweoiuurpn,  kuvz  der  Ursprun'!;  dcr  ijiMizen  <fe<i;enwiirtio;en  Verfassuiiji;  des 
Weltbaiu's  werden  konnen  eingesehen  werden,  elie  die  Erzeuinmg  eine^ 
einzio'on  Kriuites  oder  oiner  Eaupe  aus  mechauischen  Griinden,  deutlich  uiul 
vollstaudig   kund  werden  wird." — Kaxt's  Sdmvitliche  Werke,  Bd.  I.  p.  2i(i, 
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knowledge  I  obtain  fall  ?  I  can  learn  its  striieturc,  or 
what  we  call  its  Anatomy  ;  and  its  Dhveloi'MENt,  or 
the  series  of  changes  which  it  passes  tlii'oiigh  to  accjuiro 
its  complete  structure.  Then  I  find  that  the  living 
JKung  has  certain  powers  resulting  from  its  own  acti- 
vities, and  the  interaction  of  these  with  the  activities  of 
other  things — the  knowledge  of  which  is  PiiYsioLOiiY. 
Beyond  this  the  living  being  has  a  position  in  space  and 
time,  which  is  its  Distribution.  All  these  form  the 
l)0(ly  of  ascertainable  fa(;ts  which  constitute  the  statas 
quo  of  the  living  creature.  But  these  facts  have  their 
causes  ;  and  the  ascertainment  of  these  causes  is  the 
doctrine  of  ^>noLorjY, 

If  we  consider  what  is  knowable  about  the  earth,  wo 
shall  find  that  such  earth-knowledge — if  I  nuiy  S(.)  trans- 
late the  word  geology — falls  into  the  same  categories. 

What  is  termed  stratiiirai)hical  o'coloov  is  neither  nior(3 
nor  less  than  the  anatomy  of  the  earth  ;  and  the  history 
of  the  succession  of  the  formations  is  the  history  of  a 
succession  of  such  anatomies,  or  corres})onds  with  deve- 
lopment, as  distinct  from  generation. 

The  internal  heat  of  the  earth,  the  elevation  and 
depression  of  its  crust,  its  belchings  forth  of  vapours, 
ashes,  and  lava,  are  its  activities,  in  as  strict  a  sense,  as  an; 
warmth  and  th(3  movements  and  products  of  respiration 
the  activities  of  an  animal.  The  jdirenomena  of  the 
seasons,  of  the  trade  winds,  of  the  Gulf-stream,  are  as 
much  the  results  of  the  reaction  between  these  inner 
activities  and  outward  forces,  as  are  the  Ijuddino;  of  the 
leaves  in  spring  and  their  falling  in  autumn  the  effects 
of  the  interaction  between  the  organization  of  a  })]ant 
and  the  solar  lidit  and  heat.  And,  as  the  studv  of  the 
activities  of  the  living  being  is  called  its  physiology,  so 
are  these  phtenomena  the  subject-matter  of  an  analogous 
telluric  physiology,   to  which    we    sometimes   give   the 
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iiMinc  of  inctcorolooy,  sonictinics  tli;it  of  ])liysi('al  gco- 
mi'.'ijtliy,  isouietinu'H  that  of  ovolooy.  Asfaiii,  tlie  cai'tli 
lias  a  plarc  in  s])aeo  and  in  time,  and  rdatirjiis  to  otlici- 
bodies  in  l)i)tli  these  respects,  wlneli  constitute  its  distri- 
bution. This  sul)ject  is  usually  left  to  tht;  astrouoniei' ; 
1)Ut  a  know'ledi^'e  of  its  broad  outlines  seems  to  nie  to  he 
an  essential  constituent  of  the  stock  of  gcologic^al  i(l(3as. 

All  that  can  be  ascertained  concernino-  the;  structure, 
succession  of  conditions,  actions,  and  position  in  s])ace  of 
the  eartli,  is  the  matter  of  fact  of  its  natural  history. 
l)Ut,  as  in  biology,  there  remains  the  matter  of  reasonino- 
from  these  facts  to  their  causes,  which  is  just  as  nuicli 
science  as  the  other,  and  indeed  more  ;  and  this  (consti- 
tutes geological  jTetiology. 

HaA'ing  regard  to  this  general  scheme  of  geological 
knowledge  and  thought,  it  is  obvious  that  geological 
speculation  may  be,  so  to  speak,  anatomical  and  develoj)- 
niental  si)eculation,  so  far  as  it  relates  to  points  of  strati- 
graphical  arrangement  which  are  out  of  reach  of  direct 
observation  ;  or,  it  may  be  physiological  speculation,  so 
far  as  it  relates  to  undetermined  problems  relative  to  the 
activities  of  the  earth ;  or,  it  may  be  distributional  specu- 
lation, if  it  deals  with  modifications  of  the  earth's  place 
in  space  ;  or,  finally,  it  will  be  setiological  speculation,  if 
it  attenn)ts  to  deduce  the  history  of  the  world,  as  ji 
whole,  from  the  known  properties  of  the  matter  of  the 
earth,  in  the  conditions  in  which  the  earth  has  been  placed. 
For  the  purposes  of  the  present  discourse  I  may  take 
this  last  to  be  what  is  meant  by  "geological  speculation." 
Now  uniformitarianism,  as  we  have  seen,  tends  to 
ignore  geological  s[)eculation  in  this  sense  altogether. 

The  one  point  the  catastrophists  and  the  uniformi- 
tarians  agreed  upon,  when  this  Society  was  founded,  was 
to  ignore  it.  And  you  will  find,  if  you  look  back  into 
our  records,  that  our  revered  fathers  in  geology  plumed 
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lifiusolvcs  a  good  deal  \\\\iM\  tli<'  ]>r;.ctical  sense  and 
wisdom  of  this  proceed ii it;'.  As  a  leni)torary  uieasm-e,  I 
do  not  ])resunie  to  eliallenL;"e  its  wisdoni  :  Imt  in  all 
organized  Kodies  temporary  elianL;vs  are  apt  to  produce 
|ii'i'inanent  etlects  ;  and  as  time  lias  slipjx'd  l»y,  alh  rln^i;' 
all  the  ('(Hiditions  which  may  ha\'e  made  such  niorlilica- 
tioii  of  the  scientific  flesh  desirahle,  I  think  the  cflect  (»!' 
the  stream  of  cold  watc^r  which  has  steadily  flowed  over 
ocoloLiical  siK'culatioii  within  these  walls,  has  heen  of 
(loul  )tful  1  )eneficeiice. 

The  sort  of  geological  speculation  to  which  I  am  m)W 
ivferriug  (geological  tutiology,  in  short)  was  created,  as 
ii  science,  by  that  fam<ms  philosopher  Immanuid  Kant, 
when,  in  1755,  he  wrote  his  "Oeneral  Natural  History 
and  Theory  of  the  Celestial  Jiodies  ;  or  an  Attem[)t  to 
account  for  the  Constitution  and  the  niecdianical  Origin 
(if  the  Universe  upon  Newtonian  principles."  ^ 

In  this  very  remarkable,  but  seemingly  little-known 
treatise,-  Kant  expounds  a  complete  cosmogony,  in  the 
sha})e  of  a  theory  oi  the  causes  which  have  led  to  the  deve- 
l()})inent  of  the  universe  from  diffused  atoms  of  matter 
endowed  with  simple  attractive  and  rei)ulsive  forces. 

"  Give  me  matter,"  says  Kant,  "  and  1  will  build  the 
world  ; "  and  lie  proceeds  to  deduce  from  the  simple 
(lata  from  wdiich  lie  starts,  a  doctrine  in  all  essential  iv- 
spccts  similar  to  the  well-known  "  Nebular  Hypothesis" 
(if  La[)lace.^  He  aec(junts  for  the  relation  of  the  masses 
and  the  densities  of  the  planets  to  their  distances  from 
the  sun,  for  the  eccentricities  of  their  orbits,  for  their 
rotations,  for  their  satellites,  for  the  oeneral  aiireement 

'  Grant  ("  History  of  Physical  Astronomy,"  p.  574,  makes  but  the  briefest 
reference  to  Kant. 

-  "  Alluenu'ine  Naturijeschichto  unci  Theorie  des  Iliminels  ;  oder  Vorsueh 
Villi  der  Vei'fassunii'  und  deiu  nieehanisclien  Ursprun<,'e  des  ^iaiizen  Weltue- 
liiiiules  nacli  Newton'scheu  Gruudsat/eii  ab^ehandelt.'' — Kant's  SiiiKuttllchc 
I(Vc/,y,  Bd.  i.  p.  -207 . 

Systenie  du  Monde,  tome  ii.  chap.  G. 
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in  tlio  (liroction  of  rotiition  iinioii^  tlio  cclcstijil  bodii^ 
for  Siituni's  ^ill<,^  mikI  fcu'  the  zodincjil  li^iit.  Ifc  finds. 
ill  each  sy.steni  of  worlds,  indications  that  the  attractivi 
force  of  tlie  central  mass  will  event nally  destroy  its  oii^a- 
iiization,  by  concentratini^^  n[)on  itself  the  matter  of  the 
whole  system  ;  l)Ut,  as  the  result  of  this  ('oneentratioii. 
he  ar^^aies  for  the  development  of  an  amount  of  liciit 
which  will  dissij)ate  tlu;  mass  once  more  into  a  nujleculai 
chaos  such  as  that  in  which  it  Ix'^an. 

Kant  ])ictures  to  himself  the  universe  as  once  iiii 
infinite  expansion  of  foi'mless  and  diffused  matter.  At 
one  point  of  this  he  su])[)oses  a  sin<j,le  (M-ntn;  of  attraction 
set  uj);  and,  by  strict  detluctions  from  admitte<l  dynaniictil 
pi-incii)les,  shows  how  this  must  result  in  the  development 
of  a  prodigious  central  hocly,  surrounded  by  systems  of 
solar  and  i)lanetary  worlds  in  all  stages  of  dev(do[)meiit. 
In  vivid  lanoiume  he  dei)icts  the  onat  worhl-maelstruni. 
wi(h'ning  the  margins  of  its  })rodigi(>us  eddy  in  the  slow 
progress  of  millions  of  ages,  graduall}'  reclainnug  muiv 
and  more  of  the  molecndar  waste,  and  converting  chaos 
into  cosmos.  But  what  is  oained  at  the  margin  is  lost 
in  the  centre ;  the  attractions  of  the  central  systems 
bring  their  constituents  together,  which  then,  by  the  heat 
evolved,  are  converted  once  more  into  molecular  chaos, 
Thus  the  worlds  that  are,  lie  between  the  ruins  of  tin 
worlds  that  have  been  and  the  chaotic  mateiiids  of  tlif 
worlds  that  shall  be  ;  and,  in  spiti'  of  all  waste  and 
destruction,  Cosmos  is  extendino;  his  Ijorders  at  the 
cxj)ense  of  Chaos. 

Kant's  further  application  of  his  views  to  the  eaitli 
itself  is  to  be  found  in  his  "Treatise  on  Physical  Gl'u-| 
graphy"^  (a  term  nnder  which  the  then  unkno\\'n  scieiict' 
of  geology  was  included),  a  subject  Avhich  he  had  studiiil 
with  very  great  care  and  on  which  he  lectured  for  many 

1  Kant's  "  Siinimtliche  Werke,"  Bd.  viii.  p.  145. 
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vcars.  The  foiirtli  section  of  the  first  part  of  this 
Treatise  is  caHed  "  Hist(U'y  of  the  irreat  Clianiics  which 
the  l^jarth  has  formerly  unch'i'gone  Jind  is  still  undergoing," 
and  is,  in  factt,  a  hrief  and  pregnant  essay  uj)on  the  [>rin- 
ciples  of  geology.  Kant  gives  an  accMnmt  lirst  "of  the 
(gradual  changes  which  are  now  taking  phice "  under 
the  heads  of  such  as  are  caused  by  earthcjuakes,  such 
as  are  brought  about  l»y  rain  and  rivers,  such  as  are 
iffected  by  the  sea,  such  as  are  pro<luced  by  winds 
and  frost ;  and,  finally,  such  as  result  ir^m  the  opera- 
tions of  man. 

The  second  part  is  devoted  to  the  '  Memorials  of  the 
Changes  which  the  Earth  has  undergone  in  remote  an- 
ti(|uity."  These  arc  enumerated  as  : — A.  l*roofs  that 
tlic  sea  form  Ay  covered  the  whole  earth.  B.  Proofs 
that  the  sea  has  often  lu'cn  chanoed  into  dry  land  and 
then  again  into  sea.  (y.  A  dis(nission  of  the  various 
theories  of  the  earth  put  forward  by  8(dieuclizer,  Aloro, 
llonnct,  Woodward,  White,  Leibnitz,  Linnajus,  and 
i  Buffon. 

The  third  part  (contains  an  "  Attempt  to  give  a  sound 
loxplanation  of  the  ancient  history  of  tlu;  earth." 

1  suppose  that  it  would  be  very  easy  to  pick  holes  in 
[the  details  of  Kant's  speculations,  whether  cosmological, 
or  specially  telluric,  in  their  ap[)lication.  But,  for  all 
[that,  he  seems  to  me  to  have  been  the  first  person  to 
pune  a  complete  system  of  geological  speculation  by 
founding  the  doctrine  of  evolution. 

With  as  m  icli  truth  as  Hutton,  Kant  could  say,  "  I 
take  things  just  as  I  find  them  at  present,  and,  from 
(hese,  I  reason  with  regard  to  that  wliich  must  have 
been."  Like  Hutton,  he  is  never  tired  of  pointing 
?ut  that  "  in  Nature  there  is  wisdom,  system,  and  con- 
ptency."  And,  as  in  these  great  principles,  so  in  believ- 
ig  that  the  cosmos  has  a  repioductive  operation  "  by 
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wliicli  'A  ruined  constitution  may  1)e  ropairocl,"  lie  fore- 
stalls Hutton  ;  \vliil(%  on  the  other  hand,  Kant  is  true  tc 
science.  He  knows  no  bounds  to  geological  speculation 
hut  those  of  the  intellect,  lie  reasons  l)ack  to  a  beoi]i. 
ning  of  the  present  state  of  things ;  he  adniics  the  possi- 
bility of  an  end. 

I  have  said  that  the  three  schools  of  geological  specu- 
lation which  I  have  termed  Catastrophism,  Unifoi'iiii- 
tarianism,  and  Evolutionism  are  commonly  supposed  to 
be  antagonistic  to  one  another ;  and  I  presume  it  will 
have  become  o1)vious  that,  in  my  belic^f,  the  last  i> 
destined  to  swallow  up  the  other  two.  But  it  is  ]^roper 
to  remark  that  each  of  the  latter  has  kept  alive  the  tra- 
dition of  precious  truths. 

Catastrophistv).  has  insisted  upon  the  existence  of  ai 
practically  unlimited  bank  of  force,  on  which  the  theorist 
might  draw  ;  and  it  has  cherished  the  idea  of  the  de-| 
velopment  of  the  earth  from  a  state  in  Avhich  its  form, 
and  the  forces  which  it  exerted,  were  very  different  froiiii 
those  Ave  now  know.  That  such  difference  of  form  nndl 
power  once  existed  is  a  necessary  part  of  the  doctrine  oij 
evolution. 

Untformitartaxism,  on  the  other  hand,  has  witlil 
equal  justice  insisted  upon  a  practically  unlimited  baukl 
of  time,  ready  to  discount  any  quantity  of  hypotheticall 
pajier.  It  has  kept  before  our  eyes  the  power  of  tluj 
infinitely  little,  time  being  granted,  and  has  compelled  ii; 
t(^  exhaust  known  causes,  l)efore  flying  to  the  unknown. 

To  my  mind  there  appears  to  be  no  sort  of  necessarvl 
theoretical  antagonism  between  Catastrophism  and  UiiiT 
formitarianism.  On  the  contrary,  it  is  very  conceivaliW 
that  catastro})hcs  may  be  part  and  parcel  of  uniforiiiityj 
Let  me  illustrate  my  case  by  analogy.  The  working  cl 
a  clock  is  a  model  of  uniform  action ;  good  timedveepiiiL] 
means  uniformity  of  action.      But  the   striking  of  tliJ 
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clock  is  essentially  a  catastrophe  ;  the  licmmer  miglit  be 
made  to  blow  up  a  barrel  of  gunpowder,  or  turn  on  a 
deluge  of  water  ;  and,  by  pro})er  arrangement,  the  clock, 
instead  of  marking  the  liours,  might  strike  at  all  sorts  of 
irregular  j)eriods,  never  twice  alike,  in  the  intervals, 
f(jrce,  or  number  of  its  blow^s.  Nevertheless,  all  tliese 
irregular,  and  apparently  lawdess,  catastrophes  would  be 
the  result  of  an  absolutely  uniformitarian  action  ;  and 
we  might  have  two  schools  of  clock-theorists,  one 
studying  the  lianimer  and  the  other  the  pendulum. 

Still  less  is  there  any  necessary  antagonism  between 
either  of  these  doctrines  and  that  of  Evolution,  which 
embraces  all  that  is  sound  in  both  Catastropliism  and 
Uniformitarianism,  while  '-.t  rejects  the  arbitrary  assump- 
tions of  the  one  and  the,  as  arbitrary,  limitations  of  the 
other.  Nor  is  the  value  of  the  doctrine  of  Evolution  to  the 
philosophic  thinker  diminished  by  the  fact  that  it  a])})lies 
the  same  method  to  the  livinc^  and  the  not-livin2[:  w^orld  ; 
and  embraces,  in  one  stu})endous  analogy,  the  growth 
of  a  solar  system  from  molecular  chaos,  the  shaping 
of  the  earth  from  the  nebulous  cubhood  of  its  youth, 
throuojh  innumerable  chano-es  and  immeasurable  aoes, 
to  its  present  form  ;  and  the  development  of  a  living 
being  from  the  shapeless  mass  of  protoplasm  we  term  a 


germ. 


I  do  not  know  wdiether  Evolutionism  can  claim  that 
amount  of  currency  w  hich  would  entitle  it  to  be  called 
British  popular  geology ;  but,  more  or  less  vaguely,  it  is 
assuredly  present  in  the  minds  of  most  geologists. 

Such  being  the  three  phases  of  geological  sj)eculation, 
I  we  are  now  in  a  p)osition  to  in(|uire  which  of  these  it  is 
that  Sir  William  Thomson  calls  upon  us  to  reform  in 
|tlie  passages  wdiicli  1  have  cited. 

It  is    obviously   Uniformitarianism   wdiich    the    dis- 

R  2 


■m\ 


i\ 


I'M 

m 


m 


244 


Ljy  SERMONS,  JDDRESSES,  AND  REVIEWS 


[m 


n'l 


'K! 


1 1 


>  I  i 


llf! 


"lil'H 


tinguished  physicist  takes  to  bo  the  reprcsontativo  (.f 
<Tjeological  speculation  in  gcneraL  And  thus  a  flis^ 
issue  is  raised,  inasmuch  as  many  persons  (and  tliosi' 
not  the  least  thoughtful  among  the  y^  anger  geologists) 
do  not  accept  strict  Uniformitarianism  as  tlie  final  form 
of  geological  speculation.  We  should  say,  if  Hutton 
and  Playfair  declare  the  course  of  the  ^vorld  to  have 
been  always  the  same,  point  out  the  fallacy  by  all  menus ; 
but,  in  so  doing,  do  not  imagine  that  you  are  proviiia 
modern  geology  to  be  in  opposition  to  natural  ])lii- 
losophy.  I  do  not  suppose  that,  at  the  present  dav 
any  geologist  would  be  found  to  maintain  abscjhitc 
Uniformitarianism,  to  deny  that  the  rapidity  of  the 
rotation  of  the  earth  may  be  diminishing,  tliat  the  m\\ 
may  be  waxing  dim,  or  that  the  earth  itself  may  be 
cooling.  Most  of  us,  I  suspect,  are  Gallios,  "  who  caiv 
for  none  of  these  things,"  being  of  opinion  that,  tnic 
or  fictitious,  they  have  made  no  practical  difference  to 
the  earth,  during  the  period  of  which  a  record  is  pro- 
served  in  stratified  deposits. 

The  accusation  that  we  have  been  running  counter  to 
the  principles  of  natural  philosophy,  therefore,  is  devoid 
of  foundation.  The  only  question  which  can  arise  is 
whether  we  have,  or  have  not,  been  tacitly  makin^' 
assumptions  which  are  in  opposition  to  certain  con- 
clusions which  may  be  drawn  from  those  principles. 
And  this  question  subdivides  itself  iuto  two  : — the  first, 
are  we  really  contravening  such  conclusions  ?  the  second, 
if  we  are,  are  those  conclusions  so  firmly  based  that  wo 
may  not  contravene  them  ?  I  reply  in  the  negative  to 
both  these  questions,  and  I  will  give  you  my  reasons 
for  so  doing.  Sir  William  Thomson  believes  that  lio 
is  able  to  prove,  by  physical  reasonings,  "  tluit  tlio 
existinjx  state  of  things  on  the  earth,  life  on  the  earth 
— all  geological  history  showing   continuity    of    life— 
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must  be  limited  within  some  such  period  of  time  as  one 
liiindred  million  years  "  (loc.  cit.  p.  2;"3). 

The  first  inquiry  which  arises  plainly  is,  has  it  ever 
been  denied  that  tliis  period  may  be  enough  for  the 
purposes  of  geology  1 

The  discussion  of  this  question  is  greatly  emljarrassed 
1)V  the  va  oil  on  ess  with  which  the  assumed  limit  is,  T 
will  not  say  defnied,  but  indicated, — "  some  such  period 
of  past  time  as  one  hundred  million  years."  Now 
does  this  mean  that  it  may  have  been  two,  or  three,  or 
four  hundred  million  years  ?  Because  this  really  makes 
all  the  dilierence.^ 

I  presume  that  100,000  feet  may  be  taken  as  a  full 
allowance  for  the  total  thickness  of  stratified  rocks  con- 
taining traces  of  life  ;  100,000  divided  by  100,000,000 
=  0-001.  Consequently,  the  deposit  of  100,000  feet  of 
stratified  rock  in  100,000,000  years  means  that  the 
(k'posit  has  taken  place  at  the  rate  of  ^ooo  of  a  foot,  or, 
•say,  h  of  '^^^  inch,  per  annum. 

Well,  I  do  not  know  that  any  one  is  prepared  to  main- 
tain that,  even  making  all  needful  allowances,  the 
stratified  rocks  may  ncjt  have  been  formed,  on  the 
average,  at  the  rate  of  ^,r  of  an  inch  per  annum. 
I  suppose  that  if  such  could  be  shown  to  be  the 
limit  of  world-growth,  we  could  put  up  with  the 
allowance  without  feeling  that  our  speculations  had 
imdergone  any  revolution.  And  perhaps,  after  all,  the 
•jualifying  phrase  "some  such  period  "  may  not  neces- 
sitate the  assumption  of  more  than  ^Jo,  or  ^],,.  or  ..l.  of 
all  inch  of  de[)osit  per  year,  which,  of  course,  would 
Liive  us  still  more  ease  and  comfort. 

but,  it  may  be  said,  that  it  is  biology,  and  not  geology, 

'  Sir  Williimi  Thomson  iniplics  (loc.  cit.  p.  Ui),  tluit  the  precise  time  is  of 
iMi  coiisequenco  :  "the  principle  is  the  same;"  but,  as  tiie  principle  is 
uiimtted,  the  whole  cUscusbion  turns  on  its  practical  results. 
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which  asks  for  so  much  time — tliat  tlio  succession  of 
life  demands  vast  intervals  ;  but  this  a})})rnrs  to  nie  to 
1)0  reasoning  in  a  circle.  IMolooy  tnkes  Jier  time  fiom 
geology.  The  only  reason  Ave  have  for  l)elieving  in  tln' 
slow  rate  of  the  cliange  in  living  forms  iri  the  fact  that 
they  persisr  througli  a  series  of  cle])osits  whidi,  gcoliiov 
informs  lis,  have  taken  a  long  while  to  m.ike.  If  the 
geological  clock  is  wrong,  all  tlie  naturalist  will  have  t 
do  is  to  modify  his  notions  of  the  rapidity  of  chanu 
accordingly.  And  I  venture  to  point  out  that,  when  w 
are  told  that  the  limitation  of  the  period  during  which 
living  beings  have  inhabited  this  planet  to  one,  two,  or 
three  hundred  million  years  requires  a  complete  revolu- 
tion in  geological  speculation,  the  omis  2)rohandi  rests 
on  the  maker  of  the  assertion,  who  briniis  forward  not 
a  shadow  of  evidence  in  its  sup])ort. 

ThuS;  if  we  accept  the  limitation  of  time  placed  befoiv 
us  by  Sir  AV.  Thomson,  it  is  not  oljvious,  on  the  laci.' 
of  the  matter,  that  we  shall  have  to  alter,  or  refoini, 
our  ways  in  any  appreciable  degree  ;  and  we  may  there- 
fore proceed  with  much  calmness,  and  indeed  miidi 
indifference,  as  to  the  result,  to  inquire  whether  that 
limitation  is  justified  by  the  arguments  employed  in  its 
su])port. 

These  arguments  are  three  in  number  : — 

1.  The  first  is  based  u|)on  the  undoubted  foct  that  tlu 
tides  tend  to  retard  the  rate  of  the  earth's  rotation  upon 
its  axis.  That  this  must  be  so  is  obvious,  if  one  con- 
siders, roughly,  that  the  tides  result  from  the  pull  wliicli 
the  sun  and  the  moon  exert  upon  the  sea,  causing  it  to 
act  as  a  sort  of  break  upon  the  rotating  solid  earth. 

Kant,  who  was  by  no  means  a  mere  "  abstract  philo- 
sopher," but  a  good  mathematician  and  well  versed  in 
the  physical  science  of  his  time,  not  only  proved  this  in 
an  essay  of  exquisite  clearness  and  intelligibility,  now 
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moi-e  tlinn  w  ccntiuy  ol<l,^  1)iit  deduct'd  from  it  some  of 
its  mow  iinportiiiit  consequciu'cs,  such  as  the  eoiistaiit 
tui'iiing"  of  one  face  of  the  moon  towards  the  earth. 

But  there  is  a  h)ng  step  from  tlie  demonstration  of  a 
teiideney  to  tlie  estimation  of  the  practical  vahie  of  that 
teiidency,  wliich  is  all  with  which  we  are  at  i)resent 
concerned.  The  facts  bearing  on  this  point  appeal*  to 
stand  as  follow  : — 

It  is  a  matter  of  observation  that  the  moon's  mean 
motion  is  (and  has  for  the  hist  o,()00  years  l)een)  under- 
going an  acceleration,  relatively  to  the  rotation  of  the 
I'urtli.  Of  course  this  may  result  from  one  of  two 
causes  :  the  moon  may  really  have  been  moving  more 
s\Aiftly  in  its  or])it ;  or  the  earth  may  have  been  rotating 
more  slowly  on  its  axis. 

Laplace  belie^'ed  he  had  accounted  for  this  phaeno- 
mouon  by  the  fact  that  the  eccentricity  of  tlie  earth's 
uibit  has  l^een  diminishing  throughout  these  ,S,()()0  years. 
This  would  produce  a  diminution  of  the  mean  attraction 
of  the  sun  on  the  moon;  or,  in  other  words,  an  increase 
in  the  attraction  of  the  earth  on  the  moon  ;  and,  con- 
si'(|uently,  an  increase  in  the  rapidity  of  the  orbital 
motion  of  the  laiter  body.  Laplace,  therefore,  laid  th(5 
ies})onsibility  of  the  acceleration  upon  the  moon  ;  and 
if  his  views  were  correct,  the  tidal  retardation  must 
either  be  insignificant  in  amount,  or  be  counteracted  by^ 
some  other  agency. 

Our  great  astronomer,  Adams,  however,  appears  to 
have  found  a  flaw  in  Laplace's  calculation,  and  to  have 
shown  that  only  half  the  observed  retardation  could  be 
accounted   for   in  the  way  he    had   suggested.      There 

^  "  Untersucliunn;  dor  Fraw  ob  die  Erdc  in  ilirer  T'liidrolnni;?  uiii  die 
Achse,  Avodurch  sic  die  Abwechselun*,^  dos  T  ipos  und  dor  Nacht  hervorbvinj^t, 
einiji-e  Veriiiidorun;^  seit  den  erstcn  Zeite'.i  ilires  Ursprunifos  orlitten  habe, 
»kc." — Kant's  Sdmintllchc  Wcrke,  Bd.  i.  p.  IVo. 
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remains,  therefore,  the  other  half  to  be  accounted  for; 
and  here,  in  the  absence  of  all  positive  knowledge,  three 
sets  of  hypotheses  have  been  suggested. 

[a)  M.  Delaunay  suggests  that  the  earth  is  at  fault,  in 
consequence  of  the  tidal  retardation.  ^lessrs.  Adnm.s, 
Thomson,  and  Tait  work  out  this  suggestion,  and,  "  on 
a  certain  assumption  as  to  the  proportion  of  retardations 
due  to  the  sun  and  the  moon,"  find  the  earth  mav  lose 
twenty-two  seconds  of  time  in  a  century  from  this  cause.' 

(/;.)  But  ^I.  Dufour  suggests  that  the  retardation  of  tlie 
earth  (which  is  hypothetically  assumed  to  exist)  may  l)c 
due  in  part,  or  wholly,  to  the  increase  of  the  moment 
of  inertia  of  the  earth  by  meteors  fidling  upon  its  surface. 
This  suggestion  also  meets  with  the  entire  approval  of 
Sir  W.  Thomson,  who  shows  that  meteor-dust,  accumu- 
lating at  the  rate  of  one  foot  in  4,000  ycai's,  woivk] 
account  for  the  remainder  of  retardation.^ 

(c.)  Thirdly,  Sir  W.  Thomson  brings  forward  an  hypo- 
thesis of  his  own  with  respect  to  the  cause  of  the  hypo- 
thetical retardation  of  the  earth's  rotation  : — 

"  Let  us  suppose  ice  to  melt  from  the  polar  regions 
(20°  round  each  pole,  we  may  say)  to  the  extent  of 
somethinsj  more  than  a  foot  thick,  enouo^h  to  o;ive  1*1 
foot  of  water  over  those  areas,  or  O'OOG  of  a  foot  of 
water  if  spread  over  the  whole  globe,  which  would,  in 
reality,  raise  the  sea-level  by  only  some  such  undiscovcr- 
ahle  diflf'erence  as  three-fourtlis  of  an  inch  or  an  inch. 
This,  or  the  reverse,  which  we  believe  might  happen  any 
year,  and  could  certainly  not  ])e  detected  without  far 
more  accurate  observations  and  calculations  for  the  mean 
sea-level  than  any  hitherto  made,  would  slacken  or 
(}uicken  the  earth's  rate  as  a  timekeeper  l)y  one-tenth  of 
a  second  per  year."^ 

I  do  not  presume  to  throw  the  slightest  doubt  upon 

I  Sir  W.  Thomson,  loc.  cit.,  p.  14.  ^  Loc.  cit.,  p.  27.  ^  Ibid. 
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the  Jiccnracy  of  any  of  the  calculations  made  by  siidi 
(lL->tingui.sli('d  inatlicmaticians  us  those  who  have  inaxlc 
the  suggestions  I  have  cited.  On  the  contmiy,  it  is 
necessary  to  my  argument  to  assume  that  they  are  all 
correct.  But  I  desire  to  point  out  that  this  seems  to  be 
one  of  the  many  cases  in  which  the  admitted  accuracy  of 
mathematical  processes  is  allowed  to  thrcnv  a  wliolly 
inadmissible  appearance  of  authority  over  the  results 
ol)ttiined  by  them.  ^lathematics  may  be  com[)ared  to  a 
mill  of  exquisite  workmanship,  wJiich  grinds  you  stuff  of 
any  degree  of  fineness  ;  but,  nevertheless,  what  you  get 
out  depends  on  what  you  put  in  ;  and  as  the  grandest 
mill  in  the  worhl  Avill  not  extract  wheat-Hour  from 
jteascods,  so  pages  of  formuke  Avill  not  get  a  definite 
result  out  of  loose  data. 

In  the  present  instance  it  appea^-s  to  be  admitted  : — 

1.  Tha.t  it  is  not  al)solutely  certain,  after  all,  whether 
the  moon's  mean  motion  is  underooino;  accclei'ation,  or 
t!ie  earth  s  rotation  retardation.^  And  yet  this  is  the 
ki'Y  of  the  whole  position. 

•2.  If  the  rapidity  of  the  earth's  rotation  is  diminishing, 
it  is  not  certain  how  much  of  that  retardation  is  due  to 
tidal  friction, — how  much  to  meteors, — Ihav  much  to 
possible  excess  of  melting  over  accumulation  of  polar 
ice,  during  the  period  covered  by  observation,  which 
amounts,  at  the  outside,  to  not  more  than  2, GOO  years. 

o.  Tlie  effect  of  a  different  distribution  of  land  and 
water  in  modifying  the  retardation  caused  by  tidal 
t'rietion,  and  of  reducing  it,  under  some  circumstances, 
to  a  minimum,  does  not  appear  to  be  taken  int(j 
account. 

4.  During  the  ]\Iiocene  epoch  the  polar  ice  vras  cer- 
t;iin]y  many  feet  thinner  than  it   has  beim   during,  or 

'  It  will  be  understood  tliat  I  da  not  wish  to  deny  that  the  earth's  rotation 
iii'UI  he  undergoiuo;  retardation. 
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since,  tho  Glacial  ci)Ocli.  Sir  W.  Thomson  tells  lis  that 
the  aeeinnuhition  of  somethiug  more  than  a  foot  of 
iee  around  the  poles  (which  implies  the  withdraw;^  of. 
say,  an  imth  of  water  from  the  general  surface  <  tlio 
sea)  will  cause  the  earth  to  rijtatc  quicker  hy  oiic-1eutli 
of  a  sccoiid  per  annum.  It  would  appear,  ther'foiv, 
that  the  earth  may  have  been  rotating,  throughcit  tin 
whole  })('vio'l  which  has  elapsed  from  the  commencement 
of  ilic  \\A-  1  epoch  do^\n  to  the  present  time,  one,  or 
moj.\  '!■  -inds  per  annum  quicker  than  it  rotated  during 
the  ^if-'iceLO  '^pocli. 

l>ut,  accont/.ig  to  Sir  W.  Thomson's  calculation,  tidal 
retardati(;i]  will  only  acc<junt  for  a  retardation  of  '12!'  in 
a  cciituiy,  or  xVo  (sjiy  ?.)  of  a  second  per  annum. 

Thus,  assuming  that  the  accumulation  of  polar  ice 
since  the  Pliocene  epoch  has  only  l)een  sufficient  t( 
produce  ten  times  the  effect  of  a  coat  of  ice  rue  font 
thick,  we  shall  have  an  accelerating  cause  which  cover.^ 
all  the  loss  from  tidal  action,  and  leaves  a  balance 
of  %  a  second  pei'  annum  in  the  way  of  acceleration. 

If  tidal  retardation  Ccin  bo  thus  checked  and  over- 
thrown l)y  other  temporary  conditions,  what  becomes 
of  the  confident  assertion,  based  upon  the  assumed  uni- 
formity of  tidal  retardation,  that  ten  thousand  million 
yeais  ai>()  the  earth  must  have  been  rotatino^  more  than 
twice  as  fast  as  at  })rcsent,  and,  therefore,  that  "wc 
geologists  are  "  in  direct  opposition  to  the  principle^ 
of  Natural  Philosophy"  if  Ave  spread  geological  history 
over  that  time  ? 

TI.  The  second  argument  is  thus  stated  by  Sir  AV 
Thomson: — "An  article,  by  myself,  published  in  '  ^lae- 
millan's  Magazine'  for  March  1862,  on  the  age  of  the 
sun's  heat,  explains  results  of  investigation  into  various 
questions  as  to  possibilities  regarding  the  amount  of  heal 
that  the  sun  could  have,  dealing  with  it  as  you  would 
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with  a  stone,  or  ji  piece  of  matter,  (Hily  taking  into 
account  the  sun's  dimensions,  which  sliowed  it  to  1)0 
Kossihh  th  :t  the  sun  mnv  have  ah'eadv  ill  iniinatetl  ti>o 
('.nth  for  as  many  as  one  hundred  million  years,  hut  at 
I'le  same  time  reiid<  re<l  it  almost  certain  that  he  had  not 
illuminated  the  <'ai'tli  for  five  hundred  millions  of  years. 
The  estimates  here  are  necessarily  veiy  vtiguc'  ;  hut  yet, 
VMgue  as  they  are,  I  do  not  know  that  it  is  possible,  upon 
any  reasonahle  estimat'?  founded  on  known  ])ro])erties 
of  matter,  to  say  that  we  can  believe  the  sun  has  i-eally 
illuminated  the  earth  f(jr  five  hundred  million  years." ^ 

1  do  not  wish  to  "  Hansardize"  Sir  Vil' 'am  Thomson 
ly  laying  mucdi  stress  on  the  fact  that  ol'  .  fifteen  years 
ago,  he  entertained  a  totally  ditferen'  \  ew  of  tlu;  origin 
of  the  sun's  heat,  and  believed  that  tl.  energy  radiated 
from  year  to  year  "was  supplied  f:^>m  year  to  year — 
a  doctrine  which  would  have  suite .l  Hutton  jK'ifectly. 
But  the  fact  that  so  eminent  a  pliysical  })hiloso[>her  has, 
thus  recently,  held  views  o])p()site  to  those  which  he  now 
entertains,  and  that  he  confesses  his  own  estimates  to 
lie  '"very  vague,"  justly  entitles  us  to  disregard  those 
estimates,  if  any  distinct  facts  on  our  side  go  against 
them.  However,  I  am  not  aw\are  tluit  such  facts  exist. 
As  I  have  already  said,  for  anything  I  know%  one,  two, 
or  three  hundred  mdlions  of  years  may  serve  the  needs 
of  geologists  ])erfectly  well. 

111.  The  third  line  of  argument  is  based  upon  the 
temperature  of  the  interior  of  tli(3  earth.  Sir  AY. 
Thomson  refers  to  certain  investigations  ^\hicli  prove 
that  the  present  thermal  condition  of  the  intericjr  of 
the  earth  implies  either  a  heating  of  the  earth  within  the 
last  20,000  years  of  as  much  as  100°  F.,  or  a  greater 
hoatins^  all  over  the  surface  at  some  time  further  liack 
than  20,000  years,  and  then  proceeds  thus  : — 

^  Loc.  cit.,  p.  20. 
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"  Now,  Mr(»  G^ooloirists  pr('|){ivf'(l  to  admit  tlmt,  at  soiiic 
time  within  the  last  20, 000  years,  tli(!i'o  has  been  all 
over  the  earth  so  hi^ii  a  teinjKH'ature  as  tliat  ?  1  jtrc- 
siniie  not ;  no  rn'olo'-ist — no  inodcru  o'eolo^lst — would 
for  a  nioinont  admit  the  hypolliesis  tliat  the  ])res('iit 
state  of  underfi;r()und  heat  is  due  to  a,  heating  of  the 
surfaee  at  so  Kite  a  ])eriod  as  20,000  years  aiio.  If  tliat 
is  not  admitted,  we  .are  driven  to  a  greater  heat  at  sojiic 
tinKi  niorc^  than  20,000  years  ago.  A  greater  heatino- 
all  over  the  surface  than  100^  Fahrenheit  would  kill 
neai'ly  all  existing  ]»lants  and  animals,  I  may  safely  f^iiy. 
Are  modern  geologists  pre})ared  to  say  that  all  life  was 
killed  olf  the  earth  50,000,  100,000,  or  200,000  years 
ago?  For  the  uniformity  theory,  the  further  back  the 
time  of  high  surface-temperature  is  put  the  Ix.'tter; 
but  the  further  back  the  time  of  heating,  the  hotter  it 
must  have  been.  The  best  for  those  wlio  draw  most 
largely  on  time  is  that  which  jiuts  it  furthest  back : 
and  that  is  the  theory  that  the  Innitinff  was  cnoui>]i 
to  melt  the  whole.  But  even  if  it  was  enough  to 
melt  the  whole,  we  must  still  admit  some  limit,  such  as 
fifty  million  years,  one  hinidred  million  years,  or  twn 
or  three  hundred  million  years  ago.  Beyond  that  we 
cannot  go."  ^ 

It  will  be  observed  that  the  "  limit "  is  once  again 
of  the  vaguest,  ran^inoj  from  50,000  000  A^ears  to 
300,000,000.  And  the  reply  is,  once  moi'e,  that,  for 
anything  that  can  be  proved  to  the  contrary,  one  or 
two  hundred  million  years  might  serve  the  purjio.so. 
even  of  a  thorouoh-croinoj  Huttonian  uniformitarian. 
very  well. 

But  if,  on  the  other  hand,  the  100,000,000  or 
200,000,000  years  appear  to  be  insufficient  for  geo- 
logical  purposes,   we  must  closely  criticise  the  method 

*  Loc.  cit.,  p.  24. 
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l»y  wliicli  tlic  limit  is  rcaclKMl.  'I'lic  nr^-umciit  is  siniplc 
cnouiih.  AssHUiUKi  tlic  cni'th  to  hv  iiotliini''  l>u(  a,  coo!- 
iiig  mass,  the  (piaiility  of  luuit  lost  ])or  year,  sui>i>os'in(i 
th(3  rate  of  eooliii^-  to  liave  Ijccn  uniform,  multi[ili('(l 
l)y  any  given  numhei'  of  years,  will  Ik;  given  the  mini- 
mum tem[)eratur(;  that  number  of  years  ago. 

liut  is  the  earth  nothinu'  Imt  a  eooliim'  mass,  "  like 
11  hot-water  jar  such  as  is  used  in  carriages,"  or  "a  glolx; 
of  sandstone  ?"  and  has  its  eoolinij  been  uniform  ?  An 
uliinnative  answer  to  both  these  (|uestions  seems  to  be 
necessary  to  the  validity  of  the  calculations  on  which 
Sir  W.  Thomson  lays  so  much  stress. 

Nevertheless  it  surely  may  be  ui'ged  that  such  aflirnui- 
tive  answers  are  j>urely  hypothetical,  and  that  other 
su})[)Ositions  have  an  e(|ual  right  to  consid(.'ration. 

For  example,  is  it  not  possible  that,  at  the  j)rodigious 
temperature  which  would  seem  to  exist  at  100  miles 
Ik'Iow  the  surface,  all  the  metallic  bases  may  behave  as 
mercury  does  at  a  red  heat,  when  it  re-fuses  to  cond)ine 
with  oxygen  ;  while,  nearer  the  surfa(;e,  and  therefore  at 
a  lower  temperature,  they  may  entei'  into  combination  (as 
mercury  does  with  oxyg(^n  a  few  degrees  below  its  boiling- 
point)  and  so  give  rise  to  a  lieat  totally  distinct  from 
that  which  they  possess  as  cooling  bodies?  And  has 
it  not  also  been  proved  by  recent  researches  that  the 
(jiiality  of  the  atmos[)here  may  immensely  all'ect  its 
permeability  to  heat ;  and,  conserpiently,  pi'ofoundly 
modify  the  rate  of  cooling  the  globe  as  a  wIkjIc  1 

I  do  not  think  it  can  be  denied  that  such  conditions 
may  exist,  and  may  so  greatly  affect  the  sup])ly,  and  the 
loss,  of  terrestrial  heat  as  to  destroy  the  value  of  any 
calculations  which  leave   ihem  out  of  sight. 

My  functions  as  your  advocate  are  at  an  end.  I 
speak  with  more  than  the  sincerity  of  a  mere  advocate 
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AvluMi  I  (XjHTss  tlic  iM'licf  tliiit  the  cnso  .'lu^ninst  us  luis 
eiitiicly  Itrnkcii  down.  Tlic  ciy  for  rcfni-in  which  hiis 
Ix'cii  riilscd  without,  is  supcrMuous,  iuMsumcli  us  wr 
liavo  h)iiu:  l)C'ou  i'('tonnin<>"  tVoni  wilhiii,  with  ull  uccdt'iil 
sj)c'i'd.  And  the  criticid  cxannnidiou  of  tlu'  <;i'oiii)(l> 
U[)oii  which  the  very  ^rave  chai'i^'e  of  opposition  to 
the  jn'inciph'S  of  Natural  l*hih)so}>hy  lias  l)ccn  l)roui;lit 
auainst  us,  I'atlier  shows  that  we  have  exercised  a,  wise 
discriniiiijjtion  in  (h'clining,  for  the  present,  to  nicddlc 
with  our  foundations. 


IKU'S. 


[X.. 


lUJ.'lillst    lis    li;h 

^Y\\\  which  liii> 
snuicli  as  wv 
ith  all  iiccdt'iil 
f  the  n;n)uii(l> 
opposition  t(i 
been  broil u'lit 
xcrcisc'd  a  wix' 
jilt,  to  modi  lie 


\  s 


XII. 

T1[E   OUIOIN    OF    SPECIES. 

Mr.  Darwin's  long-stniiding  and  wcll-cai'iiod  scientific, 
omiucnce  prol){il)ly  renders  him  indillerent  to  that  social 
notoriety  which  passes  by  the  name  of  success;  but  if 
the  calm  spirit  of  tlic  philosopher  havc^  not  yet  wholly 
superseded  the  ambition  and  the  vanity  of  the  cariud 
niiiu  within  him,  \\v  must  be  well  satisfied  with  tlu; 
results  of  his  venture  in  publishing  the  "Origin  of 
Species."  O\erflowing  the  narrow  hounds  of  purely 
scientific  circles,  the  "species  question"  divides  with 
Italy  and  the  Volunteers  the  attenti(.)n  of  general  society. 
Everybody  has  read  Mr.  Darwin's  book,  or,  at  least,  has 
ffiven  an  o])inion  upon  its  merits  or  demerits  ;  pietists, 
whetlur  Lay  or  ecclesiastic,  decry  it  with  the  mild 
railing  which  sounds  so  charitable  ;  bigots  denounce  it 
with  ignorant  invective  ;  ohl  ladies,  of  both  sexes, 
consider  it  a  decidedlv  danu'ei'ous  book,  and  even 
savans,  who  have  no  better  mud  to  throw,  fpKjte  anti- 
(juated  wj'iters  to  show  that  its  author  is  no  better  than 
an  a|  0  himself;  while  every  philosophical  thinker 
hails  it  as  a  veritable  Wliitworth  gun  in  the  armory  of 
libcralisiii  ;  and  all  comi)etent  naturalists  and  ])hysio- 
logists,  whatever  their  opinions  as  to  the  uitimate.  f{ii:e 
of  the  doctrines  put  forth,  acknowledge  th.tl  the  work  i:. 
which  they  are  embodied  is  a  solid  contribulion  to  kn;.\\  - 
ledge  and  inaugurates  a  new  epoch  in  natural  hisloi'}'. 
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Nor  lias  tlic  discussion  of  tlie  sul)j("ct  been  restniiiKd 
witliiu  tlio  limits  of  (•oiiversatioii.  AVlieii  the  public  is 
eager  and  interested,  reviewers  must  njnister  to  its 
wants  ;  and  tlu^  genuine  litterateur  is  too  much  in  tlic 
habit  of  acquiring  his  knowledge  from  the  book  Ik 
judges — as  the  Abyssinian  is  said  to  provide  himself 
with  steaks  from  the  ox  which  carries  him — to  be  Avitli- 
held  from  criticism  of  a  profjund  scientific  work  by  the 
mere  want  of  the  requisite  preliminary  scientific  acquire- 
ment ;  while,  on  the  other  hand,  the  men  of  science  who 
wish  well  to  the  new  views,  no  less  than  those  who 
disjmte  their  validity,  have  naturally  sought  oppor- 
tunities of  expressing  their  opinions.  Hence  it  is  not 
sur})rising  that  almost  all  the  critical  journals  have 
noticed  iMr.  Darwin's  work  at  c-reater  or  less  leno^tli : 
and  so  many  disquisitions,  of  every  degree  of  excellence, 
from  the  poor  product  of  ignorance,  too  often  stimulated 
by  prejudice,  to  the  fair  and  thoughtful  essay  of  tlie 
candid  student  of  Nr.ture,  have  appeared,  that  it  seems 
an  almost  hopeless  task  to  attempt  to  say  anything  ucw 
upon  the  question. 

But  it  may  be  doubted  if  the  knowledge  and  acumen 
of  prejudged  scientific  opponents,  or  the  subtlety  of 
orthodox  special  pleaders,  have  yet  exerted  their  full 
force  in  mystifying  the  real  issues  of  the  great  contro- 
versy which  has  been  set  afoot,  and  whose  end  is  hardly 
likely  to  be  seen  by  this  gencra^'ion  ;  so  that,  at  this 
eleventh  hour,  and  even  failing  anything  new,  it  may  he 
useful  to  state  afresh  that  which  is  true,  and  to  put  the 
fundamental  positions  advocated  by  Mr.  Darwin  in  such 
a  form  that  they  may  be  grasped  by  those  whose  special 
studies  lie  in  other  directions.  And  the  adoption  of  tliis 
course  may  be  the  more  advisable,  because  notwith- 
standing its  great  deserts,  and  indeed  partly  on  account 
of  them,  the  "  (Jrigin  of  Species  "  is  by  no  means  an  ea?^y 
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book  to  read — if  by  reading  is  implied  the  full  com- 
prehension of  an  author's  meaning. 

We  do  not  speak  jestingly  in  saying  that  it  is  Mr. 
Darwin's  misfortune  to  know  more  about  the  question  lie 
has  taken  up  than  any  man  living.  Personally  and 
practically  exercised  in  zoology,  in  minute  anatomy,  in 
geology ;  a  student  of  geographicid  distribution,  not  on 
maps  and  in  museums  only,  but  by  long  voyages  and 
Laborious  collection  ;  having  largely  advanced  each  of 
these  branches  of  science,  and  having  spent  many  years 
in  gathering  and  sifting  materials  for  his  present  work, 
the  store  of  accurately  registered  facts  upon  which  the 
author  of  the  "  Origin  of  Species  "  is  able  to  draw  at 
will  is  prodigious. 

But  this  very  superabundance  of  matter  must  have 
been  embarrassing  to  a  writer  who,  for  the  present,  can 
only  put  forward  an  abstract  of  his  views  ;  and  thence  it 
arises,  perhaps,  that  notwithstanding  the  clearness  of  the 
style,  those  who  attempt  fairly  to  digest  the  book  find 
much  of  it  a  sort  of  intellectual  pemmican — a  mass  of 
facts  crushed  and  pounded  into  shape,  rather  than  held 
together  by  the  ordinary  medium  of  an  obvious  logical 
bond  :  due  attention  will,  without  doubt,  discover  this 
bond,  but  it  is  often  hard  to  find. 

Again,  from  sheer  want  of  room,  much  has  to  be 
taken  for  granted  which  might  readily  enough  be  proved; 
and  hence,  while  the  adept,  who  can  supply  the  missing 
links  in  the  evidence  from  his  own  knowledge,  discovers 
fresh  proof  of  the  singular  thoroughness  w4th  which  all 
diflicult'es  have  been  considered  and  all  unjustifiable 
I  siipposi  tions  avoided,  at  every  reperusal  of  Mr.  Darwin's 
pregnant  paragraplis,  the  novice  in  biology  is  apt  to 
complain  of  the  frequency  of  what  he  fancies  is  gra- 
[tuitous  assumption. 

Thus  while  it  may  be  doubted  if,  for  some  years,  any 
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one  is  likely  to  be  competent  to  j^ronounce  judgment  oii 
all  the  issues  raised  by  Mr.  Darwin,  there  is  assuredly 
abundant  room  for  him,  who,  assuming  the  humbler, 
though  perhaps  as  useful,  office  of  an  interpreter  between 
the  "Origin  of  Species"  am:  the  public,  contents  himself 
with  endeavouring  to  point  out  the  nature  of  tin.' 
problems  which  it  discusses ;  to  distinguish  between 
the  ascertained  facts  and  the  theoretical  views  which  it 
contains  ;  and  finally,  to  show  the  extent  to  which  the 
explanation  it  offers  satisfies  the  requirements  of  scientific- 
logic.  At  any  rate,  it  is  this  oflSce  which  we  propose  to 
undertake  in  the  following  pages. 

It  may  be  safely  assumed  that  our  readers  have  u 
general  conception  of  the  nature  of  the  objects  to  whieli 
the  word  "  species "  is  applied  ;  but  it  has,  perhaps. 
occurred  to  few,  even  of  those  who  are  naturalists  ex 
professo,  to  reflect,  that,  as  commonly  employed,  the 
term  has  a  double  sense  and  denotes  two  very  different 
orders  of  relations.  When  we  call  a  group  of  animals, 
or  of  plants,  a  species,  we  may  imply  thereby,  either 
that  all  these  animals  or  plants  have  some  common 
peculiarity  of  form  or  structure ;  or,  we  may  mean  that 
they  possess  some  common  functional  character.  That 
part  of  biological  science  which  deals  with  form  and 
structure  is  called  Morphology — that  which  concerns 
itself  with  function,  Physicjlogy- — so  that  we  may  con- 
veniently speak  of  these  two  senses,  or  aspects,  of 
"  species  " — the  one  as  morphological,  the  other  as  phy- 
siological. Eegarded  from  the  former  point  of  view,  a 
species  is  nothing  more  than  a  kind  of  animal  or  plant, 
which  is  distinctly  definable  from  all  others,  by  certain 
constant,  and  not  merely  sexual,  morphological  peculiai- 
ities.  Thus  horses  form  a  species,  because  the  group  li 
animals  to  which  that  name  is  applied  is  distinguisheil 
from  all  others  in  the  world  by  the  following  constantly 
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associated  characters.  They  have  1.  A  vertebral  column  ; 
2.  Mammre  ;  3.  A  placenta]  embryo  ;  4.  Four  k'gs ;  5.  A 
single  w^ell-develoijcd  toe  in  each  foot  provided  with  a 
hoof;  6.  A.  bushy  tail;  and  7.  Callosities  on  the  inner 
.sides  of  both  the  fore  and  the  hind  legs.  The  asses, 
afain,  form  a  distinct  species,  because,  with  the  same 
characters,  as  far  as  the  fifth  in  the  above  list,  all  asses 
have  tufted  tails,  and  have  callosities  only  on  the  inner 
side  of  the  fore  legs.  If  animals  w^ere  discovered  having 
the  general  characters  of  the  horse,  but  sometimes  with 
(.•allosities  only  on  the  fore  legs,  and  more  or  less  tufted 
tails  ;  or  animals  having  the  general  cliaracters  of  the 
ass,  but  with  more  or  less  l)ushy  tails,  and  sometimes 
with  callosities  on  both  pairs  of  legs,  besides  being  inter- 
mediate in  other  respects — the  two  species  would  have 
to  be  merged  into  one.  They  could  no  longer  be 
regarded  as  morphologically  distinct  species,  for  they 
would  not  be  distinctly  defin(d)le  one  from  the  other. 

However  bare  and  simple  this  definition  of  species 
may  appear  to  be,  we  confidently  appeal  to  all  i)ractical 
naturalists,  whether  zoologists,  botanists,  or  palaeonto- 
logists, to  say  if,  in  the  vast  majority  of  cases,  they 
know,  or  mean  to  affirm,  anything  more  of  the  gi'oup  of 
animals  or  plants  they  so  denominate  than  wdiat  has  just 
been  stated.  Even  the  most  decided  advocates  of  the 
received  doctrines  res2:)ecting  species  admit  this. 

"I  apprehend,"  says  Professor  Owen,^  "that  few  naturalists  now- 
la-flays,  in  descrihing  and  proposing  a  name  for  wliat  they  call  '  a  new 
j/'fc/fA','  use  that  term  to  signify  Avhat  was  meant  l)y  it  twenty  or  thirty 
jyears  ago ;  that  is,  an  originally  distinet  ereation,  maintaining  its 
[primitive  distinction  hy  obstructive  generative  peculiarities,  'i'he  pro- 
poser of  tlie  new  species  now  intends  to  state  jio  more  than  he 
lactually   knows  ;  as,  for  exanijtle,   that  the  dilFerences  on  which  he 
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founds  the  specific  character  are  constant  in  individuals  of  both  r,exes, 
so  far  as  observation  has  reached  ;  and  that  they  are  not  due  to 
domestication  or  to  artificially  sui)erinduced  external  circumstances,  or 
to  any  outward  influence  within  his  cofijnizance  ;  that  the  species  i? 
wild,  or  is  such  as  it  ajjpears  by  .Nature." 

If  wc  consider,  in  fact,  that  by  far  the  hirgest  pro- 
portion of  recorded  existing  species  are  known  only  by 
the  study  of  their  skins,  or  bones,  or  other  lifeless 
exuvia ;  that  we  are  acquainted  with  none,  or  next  to 
none,  of  their  physiological  peculiarities,  beyond  tliose 
which  can  be  deduced  from  their  structure,  or  are  open 
to  cursory  observation  ;  and  that  we  cannot  hope  to 
learn  more  of  any  of  those  extinct  forms  of  life  wliicli 
now  constitute  no  inconsiderable  proportion  of  the  known 
Flora  and  Fauna  of  the  world  :  it  is  obvious  that  tlic 
definitions  of  these  s[)ecies  can  be  only  of  a  purelv 
structural  or  morphological  character.  It  is  probiil)l(,' 
that  naturalists  would  have  avoided  much  confusion  of 
ideas  if  they  had  more  frequently  borne  these  necessary 
limitations  of  our  knowledge  in  mind.  But  while  it 
may  safely  be  admitted  that  we  are  acquainted  witli 
only  the  morphological  characters  of  the  vast  majority 
of  species — the  functional,  or  physiologic^al,  peculiarities 
of  a  few  have  been  carefully  investigated,  and  the  result 
of  that  study  forms  a  large  and  most  interesting  portion 
of  the  physiology  of  reproduction. 

The  student  of  Nature  wonders  the  more  and  is  as- 
tonished the  less,  the  more  conversant  he  becomes  witli 
her  operations ;  but  of  all  the  perennial  miracles  slie  I 
offers  to  his  inspection,  perhaps  the  most  worthy  of 
admiration  is  the  development  of  a  plant  or  of  an  animal  i 
from  its  embryo.  Examine  the  recently  laid  Qgg  of 
some  common  animal,  such  as  a  salamander  or  a  newt. 
It  is  ?■■  minute  spheroid  in  which  the  best  microscope  I 
will  leveal  nothing  but  a  structureless  sac,  enclosing  i^| 
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glaiiy  fiuid,  holding  granules  in  suspension.  But  strange 
possibilities  lie  dormant  in  that  senii-fiuid  globule.  Let 
a  moderate  supply  of  warmth  reach  its  watery  cradle, 
and  the  plastic  matter  undergoes  changes  so  rapid  and 
yet  so  steady  and  purposelik';  in  their  succession,  that 
one  can  only  compare  them  to  those  operated  by  a 
skilled  modeller  upon  a  formless  lump  of  clay.  As 
with  an  invisible  trowel,  the  mass  is  divided  and  sub- 
divided into  smaller  and  smaller  portions,  until  it  is 
reduced  to  an  aggregation  of  granules  not  too  large  to 
build  withal  the  finest  fabrics  of  the  nascent  organism. 
And,  then,  it  is  as  if  a  delicate  finger  traced  out  the  line 
to  be  occupied  by  the  spinrJ.  column,  and  moulded  the 
contour  of  the  body  ;  pinching  up  the  head  at  one  end, 
the  tail  at  the  other,  and  fiishioning  flank  and  limb  into 
due  salamandrine  proportions,  in  so  artistic  a  wa}^,  that, 
after  watching  the  process  hour  by  hour,  one  is  almost 
involuntarily  possessed  by  the  notion,  that  some  more 
subtle  aid  to  vision  than  an  achromatic,  would  show  the 
hidden  artist,  with  his  plan  before  him,  striving  with 
skilful  manipulation  to  perfect  his  work. 

As  life  advances,  and  the  young  amphibian  ranges  the 
waters,  the  terror  of  his  insect  contem]>oraries,  not  only 
are  the  nutritious  particles  supplied  b;  its  prey,  by  the 
addition  of  which  to  its  frame  growtl  takes  place,  laid 
down,  each  in  its  proper  spot,  and  in  si  ^  h  due  proportion 
to  the  rest,  as  to  reproduce  the  form,  tlie  colour  and  the 
size,  characteristic  of  the  parental  st  ok  ;  but  even  the 
wonderful  powers  of  reproducmg  1(  i  parts  ])Osscssed  by 
these  animals  are  controlled  by  ihe  same  governing 
tendency.  Cut  off  the  legs,  the  tail,  tlie  jaws,  separately 
or  all  together,  and,  as  Spallanzani  showed  long  ago, 
these  parts  not  only  grow  again,  but  the  redintegrated 
hmb  is  formed  on  the  same  type  as  those  which  were 
lost.     The  new  jaw,  or  leg,  is  a  newt's,  and  never  by  any 
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accident  more  like  that  of  a  frog.  What  is  true  of  the 
newt  is  true  of  every  animal  and  of  every  plant ;  the 
acorn  tends  to  build  itself  up  ngain  into  a  woodlantl 
giant  such  as  that  from  whose  twig  it  fell ;  the  spore  df 
the  humblest  lichen  reproduces  the  green  or  brown 
incrustation  which  gave  it  birth  ;  and  at  the  other  end 
of  the  scale  of  life,  the  child  that  resembled  neither  the 
paternal  nor  the  maternal  side  of  the  house  would  Ijc 
rcfi^arded  as  a  kind  of  monster. 

So  that  the  one  end  to  which,  in  all  living  beings,  the 
formative  impulse  is  tending — the  one  scheme  which  the 
Archseus  of  the  old  speculators  strives  to  carry  out, 
seems  to  be  to  mould  the  offspring  into  the  likeness  of 
the  parent.  It  is  the  first  great  law  of  reproduction, 
that  the  offspring  tends  to  resemble  its  parent  or  parents, 
more  closely  than  anything  else. 

Science  will  some  day  show  us  how  this  law  is  a 
necessary  consequence  of  the  more  general  laws  which 
govern  matter ;  but  for  the  present,  more  can  hardly  Ik- 
said  than  that  it  appears  to  be  in  harmony  with  them. 
We  know  that  the  pha^nomena  of  vitality  are  not  some- 
thing apart  from  other  physical  phenomena,  but  one 
with  them  ;  and  matter  and  force  are  the  two  names  of 
the  one  artist  who  foshions  the  living  as  well  as  the  life- 
less. Hence  living  l^odies  should  obey  the  same  great 
laws  as  other  matter — nor,  throughout  Nature,  is  there  a 
law  of  wider  application  than  this,  that  a  body  impelled 
by  two  forces  takes  the  direction  of  their  resultant.  But 
living  bodies  may  be  regarded  as  nothing  but  extremely 
complex  bundles  of  forces  held  in  a  mass  of  matter,  as 
the  complex  forces  of  a  magnet  are  held  in  the  steel  by 
its  coercive  force  ;  and,  since  the  differences  of  sex  are 
comparatively  slight,  or,  in  otlier  words,  the  sum  of  the 
f(^rces  in  each  has  a  very  similar  tendency,  their  re- 
sultant,  the  offspring,   may  reasonably  be  expected  to 
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deviate  but  little  from  a  course  parallel  to  either,  or 
to  both. 

Represent  the  reason  of  the  law  to  ourselves  by  what 
physical  metaphor  or  analogy  we  will,  howc^ver,  the 
great  matter  is  to  apprehend  its  existence  and  the  im- 
portance of  the  consequences  deducible  from  it.  For 
things  which  are  like  to  the  same  are  like  to  one  another, 
and  if,  in  a  great  series  of  generations,  every  offspring  is 
like  its  parent,  it  follows  that  all  the  offspring  and  all 
the  parents  must  be  like  one  another ;  and  tliat,  given 
an  original  parental  stock,  with  the  opportunity  of  un- 
disturbed multiplication,  the  law  in  (question  necessitates 
the  production,  in  course  of  time,  of  an  indefinitely  large 
group,  the  whole  of  whose  members  are  at  once  very 
similar  and  are  blood  relations,  having  descended  from 
the  same  parent,  or  pair  of  parents.  The  proof  that  all 
the  members  of  any  given  grovj;  of  animals,  or  plants, 
had  thus  descended,  would  l>  ordinarily  coUvsidered 
sufficient  to  entitle  them  to  the  rank  of  physiological 
species,  for  most  physiologists  consider  species  to  be  de- 
finable as  "  the  offspring  of  a  single  primitive  stock." 

But  though  it  is  quite  true  that  all  those  groups  we 
call  species  may,  according  to  the  known  laws  of  re- 
})ioduction,  have  descended  from  a  single  stock,  and 
though  it  is  very  likely  they  really  have  done  so,  yet 
this  conclusion  rests  on  deduction  and  can  hardly  hope 
to  establish  itself  upon  a  basis  of  observation.  Ami  the 
primitiveness  of  the  supposed  single  stock,  which,  after 
all,  is  the  essential  part  of  the  matter,  is  nof  only  a 
liypothesis,  but  one  which  has  not  a  shadow  of  founda- 
tion, if  by  "  primitive  "  be  meant  "  independent  of  any 
other  living  being."  A  scientific  definition,  of  which  an 
unwarrantable  hypotliesis  forms  an  essential  part,  carries 
its  condemnation  witbin  itself;  but  even  supposing  such 
a  'lefinition  were,  in  form,  tenable,  the  physiologist  who 
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should  attempt  to  apply  it  in  Nature  would  soon  find 
himself  involved  in  great,  if  not  inextrieal)le  difficulties. 
As  we  have  said,  it  is  indubitable  that  offspring  tend  tf) 
resemble  the  parental  organism,  but  it  is  efpially  true 
that  the  similarity  attained  never  amounts  to  identity, 
either  in  form  or  in  structure.  There  is  always  a  certain 
amount  of  deviation,  not  only  from  the  precise  characters 
of  a  single  parent,  but  when,  as  in  most  animals  and 
many  plants,  the  sexes  are  lodged  in  distinct  individuals, 
from  an  exact  mean  between  the  two  parents.  And 
indeed,  on  general  principles,  this  slight  deviation  seems 
as  intelligible  as  the  general  similarity,  if  we  reflect  how 
complex  the  co-operating  "  bundles  of  forces "  are,  and 
how  improbable  it  is  that,  in  any  case,  their  true  re- 
sultiint  shall  coincide  with  any  mean  between  the  moro 
obvious  characters  of  the  two  parents.  Whatever  be 
its  cause,  however,  the  co-existence  of  this  tendency  to 
minor  variation  with  the  tendency  to  general  similarity, 
is  of  vast  importance  in  its  bearing  on  the  question  of 
the  origin  of  species. 

As  a  general  rule,  the  extent  to  which  an  offspring 
differs  from  its  parent  is  slight  enough  ;  but,  occasionally, 
the  amount  of  difference  is  much  more  strongly  marked, 
and  then  the  divergent  offspring  receives  the  name  o^  a 
Variety.  Multitudes,  of  what  there  is  every  reason  to 
believe  are  such  varieties,  are  known,  but  the  origin  of 
very  few  has  been  accurately  recorded,  and  of  these  we 
will  select  two  as  more  especially  illustrative  of  the  main 
features  of  variation.  The  first  of  them  is  that  of  the 
*•  Ancon,"  or  "  Otter  "  sheep,  of  which  a  careful  account 
is  given  by  Colonel  David  Humphreys,  F.E.S.,  in  a  letter 
to  Sir  Joseph  Banks,  published  in  the  Philosophieal 
Transactions  for  1813.  It  appears  that  one  Setli  Wright, 
the  proprietor  of  a  farm  on  the  banks  of  the  Charles 
Eiver,  in  Massachusetts,  possessed  a  flock  of  fifteen  ewes 


',  i 


XII.] 


THE  OJlKUiV  OF  SPECIES. 


20. > 


and  a  ram  of  tlic  ordinary  kind.  In  the  ycnr  17.01,  one 
of  the  ewc"*  presented  lu'r  owner  with  ii  mak'  land), 
dittering,  for  no  assional)le  reason,  from  its  pai'ents  hy  a 
proportionally  long  body  and  short  bandy  legs,  whenec 
it  was  unable  to  enudate  its  relatives  in  those  spijitivc 
leaps  over  the  neigli])ours'  fenees,  in  whi<'h  they  were 
in  the  habit  of  indidging,  much  to  the  good  farmer's 
vexation. 

The  seeond  case  is  that  detailed  by  a  no  less  unex- 
ceptionable authority  than  Reaumur,  in  his"  Art  de  faire 
eclore  les  Poulets."  A  ^laltese  eou[)le,  named  Kiilleia, 
whose  hands  and  feet  were  constructed  upon  the  ordinary 
human  model,  had  born  to  them  a  son,  Gratio,  who  })os- 
scssed  six  perfectly  moveable  fingers  on  each  hand  and 
six  toes,  not  (juite  so  well  formed,  on  each  foot.  No 
cause  could  be  assigned  for  the  appearance  of  this  un- 
usual variety  of  the  human  species. 

Two  circumstances  are  \\(A\  worthy  of  remark  in  both 
these  cases.  In  each,  the  variety  appears  to  have  arisen 
in  full  force,  and,  as  it  were,  per  saltiim  ;  a  wdde  and 
definite  difference  appearing,  at  once,  between  the  Ancon 
ram  and  the  ordinary  sheep  ;  between  the  six-fingered 
and  six-toed  Gratio  Kelleia  and  ordinary  men.  In 
neither  case  is  it  possible  to  point  out  any  obvious  reason 
for  the  appearance  of  the  variety.  Doubtless  there  w^ere 
determining  causes  for  these  as  for  all  other  pha^nomcna ; 
but  they  do  not  appear,  and  we  can  be  tolerably  cer- 
tain that  what  are  ordinarily  understood  as  changes  in 
physical  conditions,  as  in  climate,  in  food,  or  the  like, 
did  not  take  place  and  had  nothing  to  do  with  the 
matter.  It  was  no  case  of  what  is  commonly  called 
adaptation  to  circumstances ;  but,  to  use  a  conveniently 
erroneous  phrase,  the  variations  arose  spontaneously. 
The  fruitless  search  after  final  causes  leads  their  pursuers 
a  long  way ;  but  even  those  hardy  teli!ologists,  who  are 
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ready  to  break  tliiougli  all  the  laws  of  physics  in  chase 
of  their  favourite  will-o'-the-wisp,  may  he  puz/.led  lo 
jscover  what  purpose  could  be  attained  l)y  the  stunted 
legs  of  Seth  Wright's  ram  or  the  hexadaetyle  members 
of  G ratio  Kelleia. 

Varieties  then  arise  we  know  not  why;  and  it  is  more 
than  probable  that  the  majority  of  varieties  have  arisen 
in  this  "  s[)ontaneous"  manner,  though  we  are,  of  course, 
flir  from  denying  that  they  may  be  traced,  in  some  cases, 
to  distinct  externid  inliuences  ;  which  are  assuredly  com- 
petent to  alter  the  character  of  the  tegumentary  cover- 
ing, to  change  colour,  to  increase  or  diminish  the  size  of 
muscles,  to  modify  constitution,  and,  among  plants,  to 
give  rise  to  the  metamorphosis  of  stamens  into  petals, 
and  so  forth.  But  however  they  may  have  arisen,  what 
especially  interests  us  at  present  is,  to  remark  that,  once 
in  existence,  varieties  obey  the  fundamental  law  of  re- 
production that  like  tends  to  produce  like,  and  their 
offspring  exemplify  it  by  tending  to  exhibit  the  same 
deviation  from  the  parental  stock  as  themselves.  Indeed, 
there  seems  to  be,  in  many  instances,  a  pre-potent  in- 
fluence about  a  newly- arisen  variety  which  gives  it 
what  one  may  call  an  unfair  advantage  over  the  normal 
descendants  from  the  same  stock.  This  is  strikingly 
exemplified  by  the  case  of  Gratio  Kelleia,  who  married 
a  woman  with  the  ordinary  pentadactyle  extremities, 
and  had  by  her  four  children,  Sal va tor,  George,  Andre, 
and  Marie.  Of  these  children  Salvator,  tlie  eldest  boy, 
had  six  fingers  and  six  toes,  like  his  father ;  the  second 
and  third,  also  boys,  had  five  fingers  and  five  toes,  like 
their  mother,  though  the  hands  and  feet  of  George 
were  slightly  deformed  ;  the  last,  a  girl,  hr.d  five  fingers 
and  five  toes,  but  the  thumbs  were  slightly  deformed. 
The  variety  thus  reproduced  itself  purely  in  the  eldest, 
while  the  normal  type  reproduced  itself  purely  in  the 


XII.] 


THE  OIIKUX  OF  SPECIES. 


267 


third,  and  almost  purely  in  tlie  socond  and  last :  so 
that  it  would  suoni,  at  first,  as  if  the  normal  type 
were  more  powerful  than  the  variety.  Ihit  ail  these 
children  grew  up  and  intermiirried  with  normal  wives 
and  husband,  and  then,  note  what  took  j)lare  :  Sal- 
vator  had  four  children,  three  of  whom  exhibited  the 
liexadaetyle  members  of  their  grandfather  and  father, 
while  the  youngest  had  the  pentada(;tyle  limbs  of  the 
moth(^r  and  grandmother  ;  so  that  here,  notwithstanding 
a  double  pentadactyle  dilution  of  the  blood,  the  liexa- 
daetyle variety  had  the  best  of  it.  '^Phe  sami^  pre-poten(ry 
of  the  Aai'iety  was  still  more  markeilly  exenn)lified  in 
the  progeny  of  two  of  the  other  children,  ^larie  and 
George,  ^larie  (whose  thumbs  only  were  deformed) 
gave  birth  to  ji  boy  with  six  toes,  and  three  other 
normally  formed  <'hildren ;  l)Ut  (jleorge,  who  was  not 
quite  so  pure  a  pentudactyh;,  begot,  first,  two  girls,  each 
of  Avhom  had  six  fingers  and  toes ;  then  a  girl  with  six 
finij^ers  on  each  hand  and  six  toes  on  the  ri^ht  foot,  but 
only  five  toes  on  the  left  ;  and  lastly,  a  boy  with  only 
five  fingers  and  toes.  In  these  instances,  therefore,  the 
variety,  as  it  were,  leaped  over  one  generation  to  re- 
produce itself  in  full  force  in  the  next.  Finally,  the 
purely  pentadactyle  Andre  was  the  father  of  many 
children,  not  one  of  whom  departed  from  the  normal 
parental  type. 

If  a  variation  wliicli  approaches  the  nature  of  a  mon- 
strosity can  strive  thus  forcibly  to  reproduce  itself,  it  is 
not  wonderful  that  less  aberrant  modifications  should 
tend  to  be  preserved  even  more  strongly;  and  the  history 
of  the  Ancon  sheep  is,  in  this  respect,  particularly  in- 
structive. With  the  "  'cuteness  "  characteristic  of  their 
nation,  the  neighbours  of  the  ^lassachusetts  farmer 
imagined  it  would  be  an  excellent  thing  if  all  his  sheep 
were  imbued  with  the  stay-at-home  tendencies  enforced 
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by  Nature  upon  the  nowly-arrivod  ram:  and  tliey  advised 
\Vri,iijlit  to  kill  the  old  patriarch  of  his  fold,  and  install 
the  AiK'on  ram  in  his  phice.  The  result  justified  their 
sagacious  anticipations,  and  coincided  very  nearly  with 
what  occurred  to  the  progeny  of  (Jratio  Kelleia.  The 
young  lambs  were  almost  always  either  }au'e  Aneons,  or 
pure  ordinary  sheep.^  But  when  sutHcient  Ancon  sheep 
wore  obtained  to  interbreed  with  one  another,  it  was 
found  that  the  offspring  was  always  pure  Ancon.  Colonel 
Humphreys,  in  fact,  states  that  he  was  ac(piainted  with 
only  "  one  questionable  case  of  a  contrary  nature. " 
Here,  then,  is  a  remarkable  and  well-established  instance, 
not  only  of  a  very  distinct  race  being  estaljlishcd  j^cy 
saltunij  but  of  that  race  breeding  "true"  at  once,  and 
showing  no  mixed  forms,  even  when  crossed  with  another 
breed. 

By  taking  care  to  seh.^ct  Aneons  of  both  sexes,  for 
breeding  from,  it  thus  became  easy  to  estaljlish  an  ex- 
tremely well-marked  race  ;  so  peculiar  that,  even  when 
herded  with  other  sheep,  it  was  noted  that  the  Aneons 
kept  together.  And  there  is  every  reason  to  believe  that 
the  existence  of  this  breed  might  have  been  indefinitely 
protracted  ;  but  the  introduction  of  the  Merino  sheep, 
which  were  not  only  very  superior  to  the  Aneons  in  wool 
and  meat,  but  quite  as  quiet  and  orderly,  led  to  the  com- 
plete neglect  of  the  new  breed,  so  that,  in  1813,  Colonel 
Humphreys  found  it  dillicult  to  obtain  the  specimen, 

^  Colonel  Humphreys'  statements  are  exceedinj^ly  explicit  on  this  point  :— 
"When  an  Ancon  ewe  is  imprct^nated  by  a  connnon  ram,  the  increase 
resembles  wholly  either  the  ewe  or  the  ram.  Tiie  increase  of  the  conunon 
ewe  impregnated  by  an  Ancon  ram  follows  entirely  the  one  or  the  other, 
without  blendini^  any  of  the  distinguishin<,f  and  essential  peculiarities  of  both. 
Frequent  instances  have  happened  where  common  ewes  have  had  twins  by 
Ancon  rams,  when  one  exhibited  the  complete  marks  and  features  of  the 
ewe,  the  other  of  the  ram.  The  contrast  has  been  remlered  singularly 
strikino;,  when  'one  short-legged  and  one  long-legged  lamb,  produced  at  a 
birth,  have  been  seen  sucking  the  dam  at  the  same  time."—  Philosoijhical 
Transactions,  1813,  Pt.  I.,  pp.  «y,  SJO. 
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whose  skeleton  was  presented  to  Sir  Joseph  Baidvs.     We 
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helieve  that,  tor  many  years,  no  remnant  oi  it  nas  existed 
in  the  United  States. 

Gratio  Kelleia  was  not  the  procjenitor  of  a  rae(^  of  six- 
fingered  men,  as  Seth  Wright's  ram  beeanu*  a  nation  of 
Aneon  sheep,  though  the  tendeney  of  the  variety  to 
perpetuate  itself  appears  to  have  lu'cn  fully  as  strong,  in 
the  one  ease  as  in  the  other.  And  the  reason  of  the 
difference  is  not  far  to  seek.  Seth  Wriijht  took  care  not 
to  weaken  tlie  Aneon  blood  by  matching  his  Aneon  ewes 
with  any  but  males  of  the  same  variety,  while  (Jratio 
Kelleia's  sons  were  too  far  removed  from  the  ]>atriarchal 
times  to  intermarry  with  their  sisrers ;  and  his  grand- 
children seem  not  to  have  been  attracted  i)y  their  six- 
fiiigered  cousins.  In  other  words,  in  the  one  example  a 
race  was  produced,  because,  for  several  generations,  care 
was  taken  to  svlvct  both  i)arents  of  the  ]>n'eding  stock, 
from  animals  exhibiting  a  tendency  to  vary  in  the  same 
direction  ;  while,  in  the  other,  no  race  was  evolved,  because 
no  such  selection  was  exercised.  A  -\\vx)  is  a  })ropagated 
variety  ;  and  as,  by  the  laws  of  reproduction,  offspring 
tend  to  assume  the  parental  form,  they  will  be  more 
likely  to  propagate  a  variation  exhibited  i)y  both  parents 
than  that  possessed  by  only  one. 

There  is  no  i)vm\\\  of  the  bodv  of  an  animal  which 
may  not,  and  d(jes  not,  occasionally,  vary  more  or  less 
from  the  normal  type  ;  and  there  is  no  vaiiation  which 
may  not  be  transmitted,  and  which,  if  selectively  trans- 
mitted, may  not  become  the  foundation  of  a  race.  This 
great  truth,  sometimes  forgotten  by  philosophers,  has 
lono'  been  familiar  to  practical  ai^iieulturists  and  breeders: 
and  U[)on  it  rest  all  the  methods  of  imj)roving  the  breeds 
of  domestic  animals,  which,  for  the  last  century,  have 
been  followed  with  so  much  success  in  England.  Colour, 
form,  size,  texture  of  hair  or  wool,  proportions  of  various 
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parts,  strength  or  woaknoss  of  constitution,  tendency  to 
fatten  or  to  renuiin  lean,  to  give  much  or  little  milk, 
speed,  str«'ngtli,  temper,  intelligence,  special  instincts; 
tli(^rc  is  not  one  of  these  cliaractei's  whose  transmission 
is  not  an  every-day  o('curren('e  within  tlii^  experience 
of  cattle-l)re<'ders,  stoek-fai'inei's,  liorse-ch-alers,  and 
dog  and  poultiy  fanciei's.  Nay,  it  is  only  tlui  other 
day  that  an  eminent  physiologist,  Dr.  i>rown-Sc(piard, 
communicated  to  the  lioyal  Society  his  discovery 
that  epile})sy,  artificially  produced  in  guinea-}>igs,  hy  a 
means  which  he  has  discovered,  is  transmitted  to  their 
off*si)ring. 

l>ut  M  race,  once  produced,  is  no  more  a  fixed  and 
immutahle  entity  than  the  stock  whence  it  sprang; 
variations  arise  among  its  memhers,  and  as  thes(;  varia- 
tions ai"e  transmitted  like  any  others,  new  races  may  he 
develojK'd  out  of  the  pre-existing  ones  ad  'nifiii'itain,  or, 
at  least,  within  any  limit  at  present  determined,  (iivcn 
sufhcient  time  and  sufticientlv  careful  seh^ction,  and  the 
multitude  of  races  which  may  arise  from  a  common 
stock  is  as  astonishing  as  are  tlie  extreme  structural 
ditlerences  which  they  may  present.  A  remarkable 
example  of  this  is  to  be  found  in  the  rock-pigeon,  \  Inch 
Mr.  Darwin  has,  in  our  opinion,  satisfactorily  demon- 
strated to  l)c  the  progenitor  of  all  our  domestic  pigeons, 
of  which  there  are  certainly  more  than  a  hundred  well- 
marked  ra(;es.  The  most  noteworthy  of  these  races  are, 
th(  four  great  stocks  known  to  the  "fancy"  as  tumblers, 
pouters,  carri(M"s,  ;ind  fantails;  l)irds  whi(di  not  only  diiier 
most  singularly  in  size,  colour,  and  habits,  but  in  the 
form  of  the  beak  and  of  the  skull :  in  the  proportions  of 
the  l)eak  to  the  skull ;  in  the  number  of  tail-feathers  ;  in 
the  al)solute  and  relative  size  of  the  feet ;  in  the  presence 
or  absence  of  the  uro})ygial  gland  ;  in  the  number  of 
vertebra)  in  the  back ;    in  short,  in  precisely  those  cha- 
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racters  in  which  the  genc^ra  and  s{>ecics  of  birds  differ 
from  on(;  another. 

And  it  is  most  remarkable  and  instructive  to  observe, 
that  none  of  these  races  can  be  shown  to  have  been 
originat<'d  by  the  action  of  changes  in  what  are  c(mi- 
monly  calle<l  external  circumstances,  upon  th(>  vvihl  rock- 
pigeon.  On  the  contrary,  from  time  immemorial,  })igeon 
fanciers  have  had  essentially  similar  methods  of  treating 
their  pets,  which  have  been  housed,  fed,  protect<Ml  and 
cared  for  in  much  the  same  way  in  all  pigeonries.  In 
fact,  there  is  no  case  better  adapted  than  that  of  the 
pigeons,  to  refute  the  doctriiK;  which  one  sees  i»ut  forth 
on  high  authoi'ity,  that  "no  other  characters  than  those 
founded  on  the  (h'Velo])mcnt  of  bone  for  the  attachment 
of  muscles"  are  (;a[)al)le  of  variation.  In  precise  con- 
tradiction of  this  hasty  assertion,  Mr.  Dai'win's  reseai'ches 
prove  that  the  skeleton  of  the  wings  in  (h)mestic  ])igeons 
has  hardly  vaiied  at  all  from  that  of  the  wild  tyi)e  ; 
while,  on  the  other  han<l,  it  is  in  exactly  those  respects, 
such  as  the  relative  length  of  the  beak  and  skull,  the 
munber  of  the  vei'tebno,  and  the  number  of  the  tail- 
feathers,  in  which  muscular  ex<'rtion  can  have  no  im- 
portant influence,  that  the  utmost  amount  of  variation 
has  taken  place. 

We  have  said  that  tlu^  following  out  of  the  pro})erties 
exhibited  by  physiological  s[)ecies  would  lead  us  into 
flifticulties,  and  at  this  point  they  begin  to  be  obvious; 
for,  if,  as  a  result  of  spontaneous  variation  and  of 
.^elective  breeding,  the  progeny  of  a  common  stock  may 
become  s<'parated  into  grou})s  distinguishe(l  from  one 
another  by  constant,  not  sexual,  morphological  characters, 
it  is  clear  that  the  physiological  definition  of  species  is 
likely  to  clash  with  the  m()r})hoh)gical  definition.  No 
one    would    hesitate    to    describe    the    pcjuter   and   the 
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tuml)lor  as  distinct  species,  if  tliey  were  fouiul  fossil,  or 
if  their  skins  nnd  skeletons  were  imported,  as  those  of 
exotic  wild  birds  commonly  are — and,  without  doubt,  if 
considered  alone,  they  are  good  and  distinct  morpho- 
logical species.  On  the  other  hand,  they  arc  not  j>hysio- 
logical  species,  for  they  are  descended  from  a  common 
stock,  the  rock-})igeon. 

Under  these  circumstances,  as  it  is  admitted  on  all 
sides  that  races  occur  in  Nature,  how  arc  we  to  know 
whether  any  apparently  distinct  animids  are  really  of 
different  physiological  species,  or  not,  seeing  that  the 
amount  of  morphological  difference  is  no  safe  guide  ? 
Is  there  any  test  of  a  physiological  species  ?  The  usual 
answer  of  physiologists  is  in  the  affirmative.  It  is  said 
that  such  a  test  is  to  be  found  in  the  plunenomena  of 
hybridization — in  the  results  of  crossing  races,  as  com- 
pared with  the  results  of  crossing  species. 

So  far  as  the  evidence  goes  at  present,  individuals,  of 
what  are  certainly  known  to  be  mere  races  produced  by 
selection,  however  distinct  they  may  appear  to  be,  not 
only  breed  froely  together,  l3ut  the  offs[)ring  of  such 
crossed  races  are  only  })erfectly  fertile  with  one  another. 
Thus,  the  sj^auiel  and  the  greyhound,  the  dray-horse  and 
the  Arab,  the  pouter  and  the  tumbler,  breed  together 
with  perfect  freedom,  and  their  mongrels,  if  matched 
with  other  mongrels  of  the  same  kind,  are  equally  fertile. 

On  the  other  hand,  there  can  be  no  doubt  that  the 
individuals  of  many  natural  species  are  either  absolutely 
infertile,  if  crossed  with  individuals  of  other  species,  or, 
if  they  give  rise  to  hybrid  offspring,  the  hybrids  so 
produced  are  infertile  Avhen  paired  together.  The  horse 
and  the  ass,  for  instance,  if  so  crossed,  give  rise  to  the 
mule,  and  there  is  no  certain  evidence  of  offspring  ever 
having  been  produced  by  a  male  and  female  mule.  The 
unions  of  the  rock-pigeon  and  the  ring-pigeon  appear  to 
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lie  equally  barren  of  result.  Here,  then,  says  the  phy- 
^ioloiiist,  we  have  a  means  of  distiiin-uisliinfj  anv  two 
rriie  species  fiom  any  two  varieties.  If  a  male  and  a 
fciuah',  sch'ct('(l  from  each  grou]»,  ])r()(luce  oflspriiig,  and 
that  oli's[)ring  is  fertile  "vvith  others  jiroduccd  in  the  same 
way,  the  giuuiis  are  races  and  not  species.  If,  on  the 
nther  hand,  no  result  ensues,  (►r  if  the  oflsjning  are 
infertile  with  others  produced  in  the  same  way,  tliey  are 
true  physiological  s])ecies.  The  test  wouhl  b(;  an  admir- 
Lable  one,  if,  in  the  first  i)lace,  it  were  always  jjracticable 
to  ap}»ly  it,  and  if,  in  tlie  second,  it  always  yielded 
ivsults  su.sce]»til)le  of  a  definite  inter])i'etation.  Tnlbr- 
tunately,  in  the  great  majoi'ity  of  cases,  this  touchstone 
[for  species  is  wholly  inap[)licable. 

The  constitution  of  many  wild  animals  is  so  alti-red 
Ihy  confinement  that  they  will  not  l)reed  even  with  their 
own  females,  so  that  the  negative  results  obtained  from 
lei'osses  ai'c  of  no  value  ;  and  the  antijtathy  of"  wild  animals 
of  different  species  for  one  another,  or  even  of  wild  and 
Itanic  members  of  the  same  species,  is  ordinarily  so  gi'eat, 
Ithat  it  is  hopeless  to  look  for  such  unions  in  Nature. 
iTlie  hermaphrodism  of  most  plants,  the  difhculty  in  the 
py  of  ensuring  the  absence  of  their  own,  or  the  pro])er 
prking  of  otlier  pollen,  are  obstacles  of  no  less  magni- 
tude in  applying  the  test  to  them.  And  in  hoth  ajiinials 
[iiid  plants  is  superadded  the  further  dilficulty,  that 
xperiments  must  be  continued  over  a  long  time  for  the 
imrpose  of  ascertaining  the  fertility  of  the  nionorel  or 
lyhrid  progeny,  as  well  as  of  the  first  crosses  from 
nvliirh  they  s))ring. 

Not  only  do  these  great  practical  dilliculties  lie  in  the 
lay  of  applying  the  hybridization  test,  but  e\-en  when 
[iiis  oracle  can  be  quc-itione<l,  its  re[)lics  ai'c  sometimes 
is  doubtful  as  those  of  I)(dplii,  For  ex'unplc',  cases  are 
[iled  by  Mr.  Darwin,  of  jdants   whicii  are  niur<    fertile 
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with  tli«'  pollt'ii  of  ,'inotlior  spfcios  tlinii  with  tlicirown: 
:ni(l   there  iii'c  othirs,  su' h  .ms  certtiin  /)^('/,  wliosc  malt 
clellU'iit   will  IV'rlilizc  the  ovule  of  Jl  |)j;ilit  of  distiliet  sjk'-I 
eics,  whih'  tlie  iiuiles  of  th(i  hitter  sjM3ci<'s  iire  iiielfectivi 
with  the  feinnh's  of  tlie  tirst.     So  th.-it,  in  the  l;i.st-ii:mi((ll 
instMiiee,  .'I  })hysioloL;ist,  who  slioiihl  eioss  tlie  two  s^u'ciiJ 
ill  one  way,  would  cleeiih'  that  they  were  true  Hjjeeics; 
while   another,   who    sliouhl    cross    them   in   the  revei'.M 
wa}',  would,  with  (Mjual  justice,  accordini^^   to   the  riili, 
]H"onounce  them  to  he  mei'c  I'aces.     Seveial  ]>lants,  wliidi 
there  is  great  reason   to  helieve  aio  mere  varieties,  jir| 
almost   sterih'  "when    crossed  ;    while   l)oth   animals  aiii 
plants,  which  liave  always  been  regarch'd  hy  iiaturalistJ 
as  of  distinct  species,  turn  out,  when  the  test  is  apjilicdj 
to  be   perfectly  lertih'.     Again,  the  sterility  or  ferti!itv| 
of   crosses  seems  to   hear  no   reh-ition   to  the  structuinif 
resemhlances  or  difl'erences  of  the  members  of  any  twu 
i»roU])s. 

^Ir.  Dai-win  lias  discussed  this  question  with  singuliiil 
ability  and  circumspection,  and  his  conclusions  aiij 
summed  up  as  follow,  at  page  270  of  liis  work  : — 

"First  crosses  betwocn  forms  sutriciciitly  distijict  to  Lc  ranked  ;ii 
species,  and  tlicir  liyln'iils,  are  very  ^'enerally,  Imt  n<it  universalhj 
sterile.  The  sterility  is  of  all  degrees,  and  is  often  so  slight  that  tlil 
two  most  careful  experimentalists  "who  liave  ever  lived  liave  conic  tij 
diametrically  ojiposite  conclusions  in  ranking  forma  hy  this  test.  Tli 
sterility  is  innately  variahle  in  individuals  of  the  same  species,  audi 
eminently  susceptible  of  favourable  and  unfavourable  conditions.  Tli^ 
degree  of  sterility  does  not  strictly  follow  systemntic  afhnity,  but 
governed  by  several  curious  and  comi)lex  laws.  It  is  generally  tlil 
ferent,  and  sometimes  ■widely  dill'erent,  in  reciprocal  crosses  betAvee( 
the  same  two  species.  It  is  not  ahvays  eciual  in  degree  in  a  lirst  cross 
and  in  the  hybrid  produced  from  this  cross. 

"In  the  same  manner  as  in   grafting  trees,   the   capacity  of  oil 
species   or   A'ariety   to   take   on   another   is   incideidal    on   generalf 
unknown  dilferences  in  their  vegetative  systems  ;  so  in  crossing,  \\ 
greater  or  less  facility  of  one  species  to  unite  Avith  another  is  incj 
dental  on  imknoAvu  differences  in  their  reproductive  systems.     T1k( 


(ii 


iii 


:ni':jrs.        [xiilxn.] 


THE  oniaiN  OF  sri:cii:s/ 


^  till'  two  s[»(ci(> 
TO  true  siHM'ics; 
1  in  till'  i\'V(i> 
in  if  to  tlu'  mil. 
ml  ])linits,  wliirli 
[>rc  viirictios,  iir 
Dill   nniui;»l.s  nii' 


kvith  tlM'ir  own,  Big  no  iijorfi  reason  to  tliink  tluit  si)0('i('s  luivo  Ihm'Ii  specially  emlowrd 
H'i  whose  luaji  Bwith  various  dej^reus  of  sterility  to  jireveiit  them  crKssinj^  and  i»re(diiifj 
i"  V.  .fliw.f  t!i„,  Bin  Xiituro,  than  to  think  that  trees  have;  heen  sneciallv  endowed  uith 
\Y  i  BTiirious  and  soiniiwiiat  analo^^'ons  decrees  nf  dillieulty  in  nemu  ^'railed 
^  Mfe  lIU'ile(  ^l^'  B|,,j,ptlior,  in  order  t<t  prevent  them  lu'coniin^'  inarehed  in  our  fniests. 
I  tlu'  l;»st-li;nHis|   «'Ttic   sterility  ot"  tirst   crosses   between   pun?   speci«^s,   which   have 

heir  reproductive  systems  perfect,  stsems  to  depend  on  several  cinnm- 
tances  ;  in  sonw^  eases  lar;^'ely  on  tlu;  early  death  of  the  (Muhryo.  The 
terility  of  hybrids  which  have  their  is-productiv*^  systems  imperfect, 
,ntl  winch  have  had  this  system  and  their  whole  organization  dis- 
urbod  by  bein;^  conipoundecl  (jf  two  distinct  species,  seems  closely 
jlied  to  that  sterility  which  so  frequently  allects  j)nre  sjiecies  when 
iheir  natural  conditions  of  life  have  lieen  disturbed.  'J'iiis  view  is 
iipijorted  by  a  parallelism  of  anotb.er  kind  ;  namely,  that  the  crossing 
,.  _if  forms,  only  sli^^htly  dill'erent,  is  favourable  to  the  vij^'our  and  fertility 
(>(1  l>y  IKltlU'tulstjBf  the  olfspring ;  and  that  slight  changes  in  the  conditions  of  life  are 
Hi  test  is  {n)]»lii'tlMpi)arently  favonrable  to  the  vigour  and  fertility  of  all  organic  beings. 
■  '•Titv  or  fertilitvB'^^  ^^'*'  •'^^>n*'"*'^"'p  t^"^t  the  degree  of  dillieulty  in  uniting  two  species 
^  ''^nd  the  degree  of  sterility  of  their  hybrid  otl'spring,  should  generally 

rrespond,  though  due;  to  distinct  caiises  ;  for  both  depend  on  the 
ount  of  dillerence  of  soim;  kind  between  the  spc^cies  which  are 
sed.  Nor  is  it  surprising  that  the  facility  of  ell'ecting  a  lirst  cross, 
,e  fertility  of  liybrids  produced  from  it,  and  the  ca|>acity  of  being 
■afted  together — though  this  latter  cai)acity  evidently  depends  on 
iJely  different  circumstances — should  all  run  to  a  certain  extent 
rallel  with  the  systematic  athnity  of  the  forms  -which  are  subie(;ted 

.     ,  ,    1  ,™ experiment ;  for  systematic  athnity  attempts  to  express  all  kinds  of 

tinct  to  be  rankeu  iW    *, ,         ,  '  "^  ,,  .  ''  ^  ' 

V  \     \       •     .oniivB^emblance  between  all  si)ecies. 

but  not  universali w,. „.  \.  ,  .  .    .  «•  •     .i 

T  1  i.  iv.  +  .iB   First  crosses  between  lorms  known  to  1)6  varieties,  or  sufiicientlv 
iften  so  slight  that  tim,     ,     .  -i       i  •  i-  i   *i    •  i     /«•      • 

null  oKj      r>  „  ,Bike  to  be  considered  as  varieties,  and  their  mongrel  ollsprinL'    are 

T  lived  have  como  t«^  n      i    i.       i.       -t         •  n      r    .-i        x^      •    ^i  •  i 

1       1     fl  ■    t»  t     Tliw^'y  o^"^^^    ^''  quite  nniversally,  fertile.     JSor  is  this  nearly 

1-ms  hv  t  lis   c    .       ^UCTal  and  perfect  fertility  surprising,  when  we  remember  how  liable 

are  to  argue  in  a   circle  with  respect  to  varieties  in  a  state  of 

lature ;  and  when  we  remember  that  the  greater  number  of  varieties 

Ive  been    produced   under   domesticati(»n   by  the  selection  of  mere 

jternal  ditferences,  and  not  of  diHerences  in  the  reproductive  system. 

all  other  respects,   excluding   fertility,   there  is  a   close   general 

pemblance  between  hybrids  and  mongrels." — l*p.  27G-8, 
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the  capacity  of  om^Ye  fully  agree  with  the  general  tenor  of  this  weighty 

Icidental  on  S?"^'"",Essao:e :  but  forcihle  as  are  these  arguments,  and  little  as 
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fact,  so  far  as  the  inquiry  into   tlu»   oririfin   of  spociesl 
goes,  i.^,  that  there  are  8uch  things  in  Ni'turc  as  groups 
of  animals  and  of  plants,  Avhose  mcnihers  are  inc'a|ialilei 
of  fertile   union  with  those  of  other  <rrou])s  ;  and  thaJ 
there  arc  such  things  as  hyhrids,  which  are  ahsohUfh] 
sterile   when  crossed  ■svith   other  hyhrids.     For   if  suci 
jjh.'Dnomen.'i  as  these  wei'e  exliihitcd  hy  only  two  of  tliof 
assemblages   of  living  objects,    to  which    the   name  (I 
species  (whether   it   be   used   in    its   ]>hysiological  or  ii 
its  morphologic[d   sense)    is  gi\'en,    it    wouhl  have  to 
accounted  for  bv  anv  tlie(»rv  of  tlic  ori'iin  of  six-cics,  nin 
every  theory  which  could  not  account  tor  it  would  Ix.-,  n] 
far,  inii^erfect. 

Up  to  this  point  we  have  been  dealing  with  matters (t 
fact,  and  the  statements  which  we  have  laid  before  tin 
reader  would,  Ut  the  best  of  our  knowle(hj;e,  be  adniittnl 
to  contain  a  fair  <'X]tosition  of  what  is  at  ])resent  know^ 
respecting  the  essential  [)ro]ierties  of  species,  by  all  ^\i( 
have  studied  thi^  (jUestion.  And  whatever  may  be  histlici 
retical  views,  no  naturalist  will  pi'obably  be  disposed  ti 
demur  to  the  following  summary  of  that  exposition  :- 

Living  beings,  whether  animals  or  ])lants,  are  divis 
into  multitudes  of  distinctly  definabh;  kinds,  which  an 
morphological  species.  They  are  also  divisible  inti 
groups  of  individuals,  which  breed  freely  together,  tondl 
ing  to  reproduce  their  like,  and  are  physiological  spccica 
Normally  resembling  their  parents,  the  offspring 
members  of  these  species  are  still  liable  to  vary,  and  \\\ 
variation  may  be  perpetuated  by  selection,  as  a  ra([ 
which  race,  in  many  cases,  presents  all  the  charactcristia 
of  a  moi-phologicai  species.  But  it  is  not  as  yet  provej 
that  a  race  ever  exhibits,  when  crossed  with  another  racf 
of  the  same  species,  those  phoenomena  of  hybrid izatir 
which  are  exhibited  by  many  species  Avhen  crossed  Avitl 
other  species.     On  the  other  hand,  not  oidy  is  it  ii'f 


U".l 


TllK  OlilGLV  or  SPJX'IL'S. 


277 


proved    that   all  spi-cies   give    rise   to  liyln'ids    infertile 
Untcr  .sv,  hut  there   is  imich   reason   to   lu'lievc   that,  in 
crossing,   sju'cics  cxhihit    every   giachition   tVoni   perfect 
Isterility  to  ])erfeet  fertility. 

Such  arc  tlie  most  essential  characteristics  of  species. 
lEveu  were  man  not  one  of  them — a  memher  of  the  same 
system  and  siihjcct  to  the  same  laws — the  question  of 
their  origin,  their  causal  connexion,  that  is,  with  the 
other  pluL'Uomena  of  the  universe,  must  have  attracted 
his  attention,  as  soon  as  his  inti'lligenee  had  raised  itself 
jabovc  th(!  level  of  his  daily  wants. 

Indeed    history  rehites  that  such   was  the   case,  and 
Ijias  embalmed  for  us  the  speculations  upon  the  origin 
of  livmg  beings,  which  were  among  the  earliest  })roducts 
of  the  dawning  intellectual  activity  of  man.     In  those 
early  days  positive  knowledge;  was  not  to  be  had,  but  the 
craving  after  it  needed,  tit  all  hazards,  to  be  satisfied,  and 
according  to  the  country,  or  the  turn  of  thought  of  the 
speculator,  the  suggestion  that  all   living  things  arose 
from  the  mud  of  the  Nile,  from  a  primevtd  egg,  or  frcjui 
some  more  anthropomorphic  agency,  afforded  a  sufficient 
resting-place  for  his  curiosity.     The  myths  of  Paganism 
are  as  dead  as  Osiris  or  Zeus,  and  the  man  who  should 
revive  them,  in  opposition  to  the  knowledge  of  our  time, 
would  be  justly  laughed  to  scorn ;  but  the  coeval  imagi- 
nations current  among  the  rude  inhabitants  of  Palestine, 
recorded    by   writers   whose    very    name    and    age   are 
admitted  by  every  scholar  to  be  unknown,  have  unfor- 
tunately not  yet  shared  their  fate,  but,  even  at  this  day, 
are  regarded  by  nine-tenths  of  the  civilized  world  as  the 
lauthoritative  standard  of  fact  and  the  criterion  of  the 
Ijustice  of  scientific  conclusions,  in  all  that  relates  to  the 
[origin  of  things,  and,  among  them,  of  species.     In  this 
nineteenth  century,  as  at  the  dawn  of  modern  physical 
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sriciKM',  tlic  cosmofirony  of  tin'  scini-lnii'lmntus  llrln'cwiJ 
the  iiK'uliii.s  of  tlic  pliilosoplicr  mikI  the  (>|)|>r(>lii-iii^i  of  tin* 
ortlnMlox.      Wlio  sliiill   iimiilx'i"   tlic  |»;itiriit   iiimI   ('.•irii(>t 
.scckri's  aftJT  truth,  fVom  tin-  <l;iv.s  ot  (Jjililco  until  iiowj 
wliosc  lives  liiivc  Im'cii  cini/itlcivd  and  tlicir  o(mkI  nanii; 
l)last('(l    l)y    the    luistakcn    zeal    of    r>il»li«>lat('r.s  ?      Who 
shall    fount    tlu!    host    of  weaker    lueu   whosc^    seii.sc!  ofl 
truth    has    Ixh'Ii    destrcjyed    in    {\n\    ctfoit  to  haniKniiz.' 
inipossihilities — whos(3     life     has    Ix'eii    wast(Ml     in    tlii' 
attempt    to    force;    tho   <j;enerous    new    wine    of    SeieiKi; 
into  the  old  hot  ties  of  .huhusni,  ('(impelled  hy  the  oiitciy 
of  the  sanu;  strong  ])ai'ty  1 

Jt   is   true  tluit   if   philosopliers    liave    suffered,    tlicirl 
cause   has    IxM'n    aninlv  avenucd.     Extinuuished  thcold- 
gijins    li(!    ahout    the    (rradle    of    every    sciene*;    as   tlk 
strani'led   snakes  beside  that  of    Hercules;   and   history 
recoi'ds  that  whenever  science  and  orthodoxy  have  hccii 
fairly  op[>osed,  tlic  hitter  lias  l»een  forced  to  retire  from 
the    I'sts,    bleeding    and    crushed,    if    not    annihilatcMl; 
scotched,   if  not  shiin.      lUit  ortlKxloxy  is  the   iJourhoii 
of  the  woi'ld  of  thouglit.     It  learns  not,  neither  can  it 
forget ;    and  though,  at  ])resent,   bewildered  and   afraid 
to  move,  it  is  as  willing  as  ever  to  insist  that  the  liistl 
chapter  of  Genesis  contains  the  beginning  and  the  ('ii(l| 
of  sound  science ;  and  to  visit,  with  such  jietty  thunder- 
bolts n.s   its  half-paralysed    hands   can  hurl,   those  wliol 
refuse    to    degrade    Nature    to    the    level    of   primitivej 
Judaism. 

Philosophers,  on  the  other  liand,  have  no  such  aggres- 
sive tendencies.  With  eyes  fixed  on  the  noble  goal  tol 
which  "per  asi)era  et  ardua"  they  tend,  they  may,  nu\v| 
and  then,  be  stirred  to  momentary  wrath  by  the  unnet'os 
sary  obstacles  wiidi  which  the  ignorant,  or  the  malicious,! 
encumber,  if  they  cannot  bar,  the  difHcult  path  ;  but 
why  should  their  souls  be  deeply  vexed  I     The  majesty 
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Such  men  lia\'e  no  leai*  of  traditions  however  venerable 
|yli(l  no   I'esjM'cl    lol"   th"ni  when    they  beeoiiie    niis(hieV(»n.> 
;tii(l  obslriicti\'e  ;   but  tlp'y  liaxc   better  than   mere,  anti 
iirian  business  in  hand,  and  if  doonias,  which  ouLiht  I 
fossil  but  are   n(»t,  are   not   i"oi*eed   u|>on   theii*  notice, 
|tlit'y  are   too  iia|>|>\'  to  treat   them  as  non-existent. 

The  hypotheses  respecting;'  tbe  orii^in  of  sjiecies  which 
nofess  to  stand  upon    a   scientilic    basis,  and,  as    such. 


iloiie  deman<l  serious  attention,  are  of  two  kind. 
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The  other,  the  so-called   "  trajismutat ion  "  hypothesis, 
Icoiisiders  that   all   exist ini^"  s[;eeies  are   the  i-e.-ult  of  the 
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)uihcation   (.1    pre-exist in<;'  species,  and  tliost 

nvdecessor.s,  by  au,'en<-ies  similar  to  those  which  at  tlu' 

['iv.sent  day  produce  varieties  and  races,  and  therefore  in 

liii  ult(,>i>ether  natural  wav:  and  it  is  a.  probable,  thoimh 

•t  a  necessary  eon.seijueiice  of  this  hypothesis,  that  all 
livinuf   beinos  have  arisi'ii    from   a   siiiLiie   stock.     With 

spect  to  the  ori^'in  of  tbi.s  primitive  stcjck,  or  stock.s, 

[1k'  doctrine  of  the  origin  of   8})ecies    is  obviously  n<»t 

beccssurily    concerned.     'J'lie    transmutation    liy]>(»thesis, 

lor  example,  is  perfectly  consistent  either  with  the  con- 

i'l»tiun  of  a  special  creation  of  the  primitive  germ,  or 
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with  tlio  supposition   of  its  having  arisen,  as  a  modifi- 
cation of  inorganic  matter,  l)y  natural  causes. 

The  doctrine?  of  special  creation  owes  its  existence 
very  largely  to  tlie  supposed  necessity  of  making  seieiict- 
accord  with  the  Jrel)rew  cosmogony  ;  hut  it  is  curious 
to  ol)serve  that,  as  the  doctrine  is  at  present  main tai nod 
hy  men  of  science,  it  is  as  hopelessly  inconsistent  with 
the  Hel)rew  view  as  any  other  hypothesis. 

If  there  be  any  result  which  has  come   more  cleavlv 
out  of  geological  investigation  than  another,  it  is,  that 
the   vast   series   of   extinct   animals  and  }>lants   is   not 
divisilde,  as   it  was  once  su}>[)osed  to    l)e,  into  distinct  I 
groups,  separated  by  shar[)ly-marked  l)oundaries.     There 
arc  no  great  gulfs  between  epochs  and  formations — no  I 
successive  periods  marked  hy  the  a]>[)earance  of  plants, 
of  water  animals,  and  of  land  animals,  en  masse.     Every 
year  adds  to  the  list  of  links   Ijetween  what  the  older 
geologists    supposed    to    be    wid(dy    separated    epochs; 
witness  the   cra^s  linkin2j  the  drift  with  the  older  tcr- 
tiaries ;  the  jNIaestricht  beds  linking  the   tertiaries  witli 
the  chalk  ;  the  8t.  Cassian  l)eds  exhiluting  an  abundaiiil 
fauna  of  mixed  mesozoic  and  ]iakeozoic  types,  in   rocksl 
of  an  epoch  once  supposed  to  be  eminently  })Oor  in  life:! 
witness,  lastly,  tln^   incessant  disputes  as  to  whether  ;i| 
ofiven   stratum  shall  be  reckoned   devonian   or  carboiij 
iferous,  silurian  or  devonian,  cambrian  or  silurian. 

This  truth  is  further  illustrated  in  a  most  interesting 
manner  by  the  impartial  and  highly  competent  tes^imoinj 
of  j\[.  Pictet,  from  whose  calculations  of  what  perccntnpj 
of  the  genera  of  animals,  existing  in  any  formation,  liviJ 
during  the  lu-eceding  formation,  it  results  that  in  \\i 
case  is  the  ju'oportion  less  than  one-tltinl,  or  .33  |" 
cent.  It  is  the  triassic  formation,  or  the  commencenit i;] 
of  the  mesozoic  epoch,  which  has  received  this  smalL 
inheritance  from  preceding  ages.     The  other  formatioi 
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not  uncommonly  oxlii]>it  GO,  80,  or  even  .04  })or  cent, 
of  gcnom   in    common   with    those   whose    remains  are 
imhi'tkletl   in  their  })re(leces.sor.     Not  only  is  tliis  true, 
but    tlie    sululivisions   of   each    formation    exhibit    new 
species  characteristic  of,  and  foui  d  only  in,  them;  and, 
ill  many  cases,  as  in  the  lias  for  exam})le,  the  separate 
beds  of  these   sulxlivisions  are   distinguished    by   well- 
marked  and  peculiar  ft)rms  of  life.     A  section,  a  hundred 
feet  thick,  will    exhibit,   at  different    heights,    a    dozen 
species  of  ammonite,  none  of  which  j)asses   beyond  its 
particular  zone  of  limestone,  or  clay,  into  the  zone  below 
it  or  into  that  above  it ;   so  that  those  who  ado[)t  the 
doctrine  of  special  creation  must  l)e  i>repare(l  to  admit, 
that  at  intervals  of  time,  corresponding  with  the  thiekness 
of  these  beds,  the  C^reator  thought  lit  to  interfere  with 
the  natural  course  of  events  for  the  })ur[)ose  of  making 
a  new  ammonite.     It  is  not  easy  to  transplant  onesel'* 
into  the  frame  of  mind  of  those  who  can  acce]>t  such  a 
conclusion   as  this,   on   any  eviden(;e   short  of  al)solute 
demonstration  ;   and  it  is  ditiicult  to  see  what  is  to  be 
gained  by  so  doing,  since,  as  we  have  said,  it  is  oijvious 
that  such  a  view  of  the  origin  of  living  l)eings  is  utterly 
opposed  to  the  Hebrew  cosmogony.     Deserving  no  aid 
from  the  powerful   arm  of  bibliohitry,   then,  d(jes   the 
received  form  of  the  hypothesis  of  special  creation  derive 
any  support  from   science   or  sound   logic  ?     Assuredly 
not  much.     The  arguments  brought  forward  in  its  favour 
all  take  one  form  :    If  species  were  not  supernaturally 
created,  we  cannot  understand  the  facts  x,  or  //,  or  Z] 
we  cannot  understand  the  structure  of  animals  or  plants, 
unless  we  sup])ose  they  were  contrived  for  s[ieeial  ends; 
we  cannot  understand  the  strueture  of  the  eye,  except 
by  supposing  it   to   have   been  made  to  see   with  ;    we 
cannot  understr.nd  instincts,  unless  we  suppose  animals 
to  have  been  miraculously  endowed  with  them. 
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As  a  qiu'stioji  of  dialectics,  it  must  be  adniittcd  that 
this  sort  of  rcasoninu;  is  not  very  formidable  to  those 
who  arc  not  to  be  frightened  by  e<)ns('(|iicneis.  It  is  an 
arguineiitiiiii  ad  i(juonvnt'uuu — take  this  exphination  or 
be  ignorant.  But  su)>|)ose  we  prefer  to  admit  our  igno- 
rance rather  than  adopt  a  hy])othesis  at  variance  with 
all  the  teachings  of  Nature  \  Or,  snp])ose  foi*  a  moment 
we  admit  the  explanation,  and  then  .seriously  ask  our- 
selves how  much  the  wiser  \\\\t  we  :  what  does  the 
explanation  explain  ?  Is  it  any  more  than  a  grandilo- 
(juent  way  of  amioiineing  the  fact,  that  we  reidly  know- 
nothing  al)out  the  matter  i  A  ]>luen(»menon  is  exj)lainGtl 
when  it  is  shown  to  be  a  case  of  some  general  law  of 
Nature;  Imt  the  supernatural  interposition  of  the  Creator 
can,  by  the  natnn*  of  the  case,  exemplify  no  law,  and  if 
species  have  I'cally  arisen  in  this  way,  ii  is  absurd  to 
attempt  to  discuss  their  origin. 

Or,  lastly,  let  us  ask  ourselves  whether  any  amount 
of  evidence  which  the  nature  of  our  faculties  permits  us 
to  attain,  can  justify  us  in  asserting  that  any  ])hauio- 
menon  is  out  of  the  reach  of  natural  causiition.  To  this 
end  it  is  obviously  necessary  that  we  should  know  all 
the  conscMpiences  to  which  all  possible  condjinations, 
couilrmed  through  unlimited  time,  can  oivo  rise.  If  we 
knew  these,  ;ind  found  none  competent  to  originate 
species,  we  should  have  good  ground  for  denying  their 
origin  bv  natural  causation.  Till  we  know  them,  any 
liy[>othesis  is  better  than  one  which  involves  us  in  such 
misei'able  presumption. 

liut  the  hypothesis  of  special  creation  is  not  only  a 
mere  specious  mask  iov  our  ignorance ;  its  existence  in 
Hiologv  marks  the  youth  and  im})erfection  of  the  science. 
For  \\hat  is  the  history  of  every  science  but  the  his- 
tory of  the  elimination  of  the  notion  of  creative,  or 
other  interferences,  with  the  natural  order  of  the  phimio- 
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mena  which  arc  the  sul)jc(.'t-mattcr  of  that  science  ? 
When  Astronomy  was  young  "  the  nioininu,'  stars  ^{\\\(f 
together  for  joy,"  and  the  phmets  were  i»ui(U'(l  in  their 
courses  by  ceh'stijil  hands.  Now,  the  harmony  of  the 
stars  has  resolved  itself  into  oravitation  accordinsjc  to 
the  inverse  squares  of  the  distances,  and  the  orl»its  of 
the  planets  are  deducible  from  tlie  laws  of  the  hjrces 
which  allow  a  schoolboys  stone  to  break  a  window. 
The  lightning  was  the  angel  of  the  Lord  ;  l)ut  it  has 
pleased  Providence,  in  these  modern  times,  that  science 
should  make  it  the  humble  mcssenoer  of  man,  and  we 
know  that  every  flash  that  shimmers  about  the  horizon 
on  a  summer's  evenini»:  is  determined  bv  ascertainable 
conditioris,  and  that  its  direction  and  brightness  might, 
if  our  knowledo'c  of  these  were  great  enou'ih,  have  been 
calculated. 

The  solvency  of  great  mercantile  com[)anies  rests  on 
the  validity  of  the  laws  which  have  l)een  ascertained 
to  govern  the  seeminu  irrei-ularitv  of  that  human  life 
which  the  moralist  bewails  as  the  most  uncertain  of 
things;  ])lague,  })estilence,  and  famine  are  admitted,  by 
all  but  fools,  to  be  the  natural  result  of  causes  for  the 
most  part  fully  within  human  control,  and  not  the 
unavoidal)le  tortures  inflicted  l)y  wrathful  Omnij)otence 
upon  his  helpL'ss  handiwork. 

Harmoni(jus  order  governino-  eternally  continuous 
progress — the  wel)  and  woof  of  matter  and  force  inter- 
weaving by  slow  degrees,  without  a  ])roken  thread,  that 
veil  which  lies  between  us  and  the  Iniinite — that 
universe  which  alone  we  know  or  can  know  ;  such  is 
the  picture  which  science  draws  of  the  world,  and  in 
proportion  as  any  part  of  that  ])icture  is  in  unison  with 
the  rest,  so  may  we  feel  sure  that  it  is  rightly  painted. 
Shall  Biology  alone  remain  out  of  harmony  with  her 
sister  sciences  ? 
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Such  argnmrnts  ngn inst  tlic  hypotlicsis  of  tlie  direct 
creation  of  species  as  tliese  are  jjlainly  enough  dedueilde 
from  general  considerations  ;  l)ut  tlicre  are,  in  addition, 
plia^noniena  exhibited  hy  species  themselves,  and  yet 
not  so  mucli  a  ]iart  of  their  very  essence  as  to  liave 
re(piii'ed  (';irli<'r  mention,  which  are  in  the  highest  degree 
per])lexing,  if  we  adopt  the  popularly  accepted  hypo- 
thesis. Such  an;  the  facts  of  distribution  in  space  and 
in  time  ;  the  singular  i)ha3nomena  brought  to  light  hy 
the  study  of  development ;  the  structural  relations  of 
species  upon  whi('h  our  systems  of  classification  are 
founded  ;  the  great  doctrines  of  philoso})hical  anatomy, 
such  as  that  of  homology,  or  of  the  community  of 
structural  i»lan  exhibited  by  large  groups  of  species 
ditfei'ing  very  widely  in  their  habits  and  functions. 

The  species  of  animals  which  inhabit  the  sea  on 
opposite  sides  of  the  isthmus  of  Panama  are  wholly 
distinct ;  ^  the  animals  and  plants  which  inhabit  islands 
are  commoidy  distinct  from  those  of  the  neighbouring 
mainlands,  and  yet  have  a  similarity  of  aspect.  The 
mammals  of  the  latest  tertiary  epoch  m  the  Old  and 
New  AVorlds  belong  to  the  same  genera,  or  family 
groups,  as  those  which  now  inhabit  the  same  great 
geogra[)hical  aren.  The  crocodilian  reptiles  which  existed 
in  the  earliest  secondary  e]ioch  were  similar  in  general 
structure  to  those  now  living,  but  exhibit  sliofht  differ- 
ences  in  their  vertebrre,  nasal  passages,  and  one  or  two 
other  points.  The  guinea-])ig  has  teeth  which  are  shed 
before  it  is  Ijoi'u,  and  hence  can  never  subserv^e  the 
masticatory  pui'pose  for  whi(di  they  seem  contrived,  and, 
in  like  manner,  the  female  duoono-  has  tusks  which 
never  cut  the  ^\\m.  All  the  members  of  the  same 
great   group    run   through    similar   conditions    in    their 

1  Recent  investigations  tend  to  show  that  this  statement  is  not  strictly  | 
accurate. — 1870. 
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development,  and  all  their  parts,  in  the  adult  state,  are 
arranged  aeeording  to  the  same  phm.  Man  is  moi'e  hke 
a  gorilla  than  a  gorilla  is  liktj  a  lenuir.  Sueh  are  a  few, 
taken  at  random,  amoiifj;  the  multitudes  of  simihir  facts 
whieli  m(jdern  I'csearch  iias  established  ;  hut  when  the 
student  seeks  for  an  explanation  of  them  from  the  sup- 
porters of  the  received  hy})0thesi3  of  the  origin  of  species, 
the  reply  he  receives  is,  in  substance,  of  Oriental  sim- 
plicity and  brevity — "^lashallah!  it  so  j^lcases  Cod!" 
There  arc^  ditlercnt  spi.'cics  on  opposite  sides  of  the 
isthmus  of  I'an.'ima,  because  they  were  created  ditferent 
on  the  two  sides.  The  pliocene  mammals  are  like  the 
existing  ones,  because  such  was  the  plnn  of  creation  ; 
and  we  find  rudiuiental  orgaus  and  similarity  of  })hm, 
l.H'cause  it  has  ])leased  the  C^reator  to  set  before  himself 
a  "divine  exemplar  or  archetype,"  and  to  copy  it  in  his 
woi'ks ;  and  somewhat  ill,  those  who  hold  this  view 
imply,  in  some  oi"  them.  That  such  verbal  hocus-])ocus 
should  be  received  as  science  will  one  day  be  regarded 
as  evidence  of  the  low  state  of  intelligence  in  the  nine- 
teenth centurv,  just  as  we  amuse  ourselves  with  the 
phraseology  aljout  Nature's  abhorrence  of  a  vacuum, 
wherewith  Torricelli's  com[)atriots  were  satisfied  to 
explain  the  rise  of  water  in  a  pump.  And  be  it  recol- 
lected that  this  sort  of  satisfiiction  works  not  only 
negative  but  positive  ill,  by  discouraging  inquiry,  and 
so  depriving  man  of  the  usufruct  of  one  of  the  most 
fertile  fields  of  his  great  patrimony,  Nature. 

The  objections  to  the  doctrine  of  the  origin  of  species 
hy  special  creation  which  have  been  detailed,  must  have 
occurred,  with  more  or  less  force,  to  the  mind  of  every 
one  who  has  seriously  and  independently  considered  the 
.subject.  It  is  therefore  no  wonder  that,  from  time  to 
rime,  this  hypothesis  should  have  been  met  by  counter 
liypotlieses,  all  as  well,  and  some  better,  founded   than 
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itself;  and  it  is  (nirious  to  remark  that  the  inventors  of 
the  opposint,^  views  seem  to  have  l)een  led  into  thorn 
as  mueh  hy  their  knowle<lge  of  geology,  as  by  their 
acquaintanee  with  biology.  In  faet,  when  the  mind  has 
once  admitted  the  eoneeptioii  of  the  gradual  ])roduetion 
of  the  ]»resent  physieal  state  of  our  gh)be,  by  natural 
causes  operating  tlii'ough  long  ages  of  time,  it  will  Ikj 
little  disposed  to  allow  that  living  beings  have  made 
their  a])pearance  in  another  way,  and  the  speculations  of 
De  ]\Iail!et  and  his  successors  are  the  natural  eom]>lemcnt 
of  Scilla's  demonstrati(m  of  the  true  nature  of  fossils. 

A  contemporary  of  Newton  and  of  Leilaiitz,  sharing 
therefore  in  the  intellectual  activity  of  the  remarkable 
age  which  witnesse*!  the  birth  of  modern  |)hysicci] 
science,  iJenoit  de  ^Maillet  spent  a  h)ng  life  as  a  consular 
agent  of  the  French  (jrovernment  in  various  ^leditcr- 
raneau  ])orts.  For  sixteen  years,  in  fact,  he  held  the 
oftice  of  ( V)nsul-General  in  Fgypt,  and  the  wonderful 
phoenomena  oifered  liy  the  valley  of  the  Nile  appear  to 
have  strongly  imjm'ssed  his  mind,  to  have  directed  his 
attention  to  all  facts  of  .  similar  order  which  came  within 
his  ol)servation,  and  to  have  led  him  to  speculate  on  the 
origin  of  the  prc^sent  condition  of  oiu-  globe  and  of  its 
inhabitants.  But,  with  all  his  ardour  for  science,  De 
Maillet  seems  to  have  hesitated  to  publish  views  which, 
notwithstanding  the  ingenious  attempts  to  reconcile 
them  with  the  Hel)rew  hypothesis  contained  in  the 
preface  to  "  Telliamed,"  Avere  hardly  likely  to  be  received 
with  favour  by  his  contemporaries. 

Ijut  a  short  time  had  elapsed  since  more  than  one  of 
the  great  anatomists  and  physicists  of  the  Italian  school 
had  paid  dearly  for  their  endeavours  to  dissipate  some  of 
the  prevalent  errors  ;  and  their  illustrious  pupil,  Harvey, 
the  founder  of  modern  physiology,  had  not  fared  so  well, 
in  a  country  less  oppressed  by  the  benumbing  influences 
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of  tluM)loiry,  as  to  tompt  any  man  to  follow  li is  cxamplo. 
Prol)al)ly  not  uniiifluciicc'd  by  tlK^so  considi'iarioii.s,  his 
Catholic  inajcsty's  ("oii.sul-Oeneral  for  i\L^y[>t  ivrpt  his 
theories  to  himself  throii,iihout  a  lono-  lih',  for  "  Telli- 
amed,"  the  only  scientific  work  which  is  known  to  have 
proeee(lc(I  from  his  pen,  was  not  printed  till  J  T^i."),  when 
its  author  had  reached  the  ripe  age  of  seventy-nine  ;  and 
thouirh  Dc  Maillet  liveil  thi'ee  years  longer,  his  hook  was 
not  ii'ivcn  to  the  world  hcfore  1748.  Even  then  it  was 
anonymous  to  those  who  were  not  in  the  secret  of  the 
aiiaoramati(^  character  of  its  title  ;  and  the  preface  and 
JiMlication  are  so  worded  as,  in  case  of  necessitv,  to  o-ivc 
the  printer  a  fair  chance  of  falling  hack  o)i  the  excuse 
that  the  work  was  intended  for  a  mere  yV//  (Tcsprit. 

The  speculations  of  the  supposititi(jus  Indian  sage, 
though  (piite  as  sound  as  those  of  many  a  "  .Mosaic 
deology,"  which  sells  exceedingly  well,  have  no  great 
value  if  we  consi<ler  them  hy  the  light  of  modern 
science.  The  waters  are  su])posed  to  have  originally 
covered  the  whole  globe  ;  to  have  de])osited  the  rocky 
masses  which  compose  its  mountains  by  processes  com- 
parable to  those  which  are  now  forming  mud,  sand,  and 
shingle  ;  and  then  to  have  gra<lually  lowered  their  level, 
leaving  the  spoils  of  their  animal  and  vegetable  inhabi- 
tiints  embedded  in  the  strata.  As  the  dry  land  ai)peared, 
certain  of  the  aquatic  animals  are  supposed  to  have 
taken  to  it,  and  to  have  become  gradually  adapted  to 
terrestrial  and  aerial  modes  of  existence.  But  if  we 
regard  the  general  tenor  and  style  of  the  reasoning  in 
relation  to  the  state  of  knowledge  of  the  day,  two 
circumstances  appear  very  well  worthy  of  remark.  The 
first,  that  De  Maillet  had  a  notion  of  the  modiiiability  of 
living  forms  (though  without  any  precise  information  on 
the  subject),  and  how  such  modiiiability  might  account 
for  the   origin   of   species ;   the   second,   that   he   very 
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cl(\ai'ly  apprcliciidiMl  tlio  orrcat  modern  gcnlogicnl  doc- 
trim,',  so  stivjni^ly  insisted  upon  hy  llutton,  and  su 
al)ly  and  coniprt'liensiv'cly  expounded  l)y  Lydl,  that  wc 
must  look  to  existini^  causes  lor  the  explanation  of  past 
geological  events.  Indeed,  the  following  [Kxssage  of  the 
prefa(;e,  in  which  De  .Maillet  is  supposed  to  speak  of  the 
Jndian  ]»hiloso[»]ier  Tellianied,  his  aUi-r  C(/(),  might  have 
been  written  by  the  most  philosophical  uniformitarian  of 
the  ])resent  day  : — • 

"  Ce  qu'il  y  a  d'c'toiinant,  est  que  i^our  arrivor  a  cos  connnissancfs 
il  soiiiLle  avoir   jicrverti  I'urdre  iiaturel,  })nis([u'au   lieu   do   s'attiK.licr 


d'aljoi'd    a   vccluucluT   I'Diiu'lne  do   notre   glolx!    il   a  ('(nimiciKM' 


l.i'.r 


travaillcr  a  s'instruiro  dn  la  iiatnro.  Mais  a  roiiti'iidrc,  ce  rt'iivcisc- 
iiu'iit  du  rurdie  a  viv  pour  lui  reflet  d'un  ,i,'t'nie  tiivural)le  qui  I'a 
CDuduit  i)us  a  ]>a.s  ct  coiunie  par  la  main  aux  deeouvertes  It's  plus 
pul)liin(»s.  C'est  en  dt'couiposant  la  substance  de  (c  ^^lobe  ])ar  mm 
anatoniie  exacte  de  tontes  ses  ])artios  fpi'il  a  preniiiiciiu'ut  appris  de 
(juollos  matirres  il  etait  compose  et  (piols  airani^enieiis  ces  iiiriius 
iiiatieres  observaient  outre  elles.  ('i^s  lunnercs  jointos  a  Tesjnit  t!c 
coniparaison  toujours  necossaire  a  (|uicon(iue  entrcpreiid  de  ]i('rccr  Ks 
voiles  dont  la  nature  aini(^  a  se  cacher,  ont  servi  de  j^Miide  a  iintro 
pliilosoplie  pour  parvenir  a  dcs  connoissances  plus  interessiint(;s.  I'nr 
la  inatiero  ct  Tarrangemcnt  dc  ccs  compositions  il  pretend  avoir 
rcconnu  (luclle  est  la  veritable  orij^'ine  do  ce  globe  que  nous  habitoiis, 
comment  et  par  qui  il  a  ete  fornn''." — Pp.  xix.  xx. 

Rut  Dc  Maillet  was   before    his   age,   and    as   couM 
hardly  fail  to  happen  to  one  who  speculated  on  a  zoolo- 
gical and  botanicid  question   before  Linna?us,  and  on  a] 
])hysi(dogical  problem  before  Jlalle]',  he  fell   into  grcjii 
errors  liere  and  there  ;   and  hence,  perhaps,  the  generiil 
neglect  of  his  work.     Robinet's  speculations  are   ratliei' 
beliind,  than  in  advance  of,  those  of   De  IMaillet ;  ami 
though  Linnaeus  may  have  played  with  the  hypothesis] 
of   transmutation,  it  obtained  no  serious  support  until 
Lamarck  adopted  it,  and  advocated  it  with  great  ability  I 
in  his  "  Philosophic  Zoologique." 

Impelled  towards  the  hypothesis  of  the  transmutation  I 
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of  species,  partly  by  liis  gcnoral  fosmoloi^ical  aixl  ocolo- 
;fioal  views;  partly  by  the  eon(r[)ti()n  of  a  graduated, 
though  irregularly  bi'aiicliiug,  .scale  of  being,  wliicli  had 
arisen  out  of  his  profound  study  of  [ilants  and  of  the 
lower  forms  of  animal  life,  T.amarek,  whose  general  line 
of  thought  often  closely  n'sembles  that  of  De  Maillet, 
niiule  a.  great  advance  upon  the  crude  and  merely  specu- 
lative manner  in  which  that  writer  di-als  with  the  (|ues- 
m\  of  the  origin  of  living  beings,  by  endeavouring  to 
tiiul  physical  causes  com[)etent  to  efli-ct  that  change  of 
uiio  s{)eci«'S  into  another,  wl.  eh  De  jMaillet  had  only 
apposed  to  occur.  And  I.amarck  conceived  that  he 
luul  found  in  Nature  sucii  causes,  amply  sullicient  for  the 
purpose  in  view.  It  is  a  }»hysiologi(;al  fact,  he  says,  that 
organs  are  increased  in  size  by  action,  atrophied  by 
inacticm ;  it  is  another  physiological  fact  tliat  nindificji- 
tions  ])roduce(l  are  transmissil)le  to  oifspiing.  Change 
llie  actions  of  an  animal,  tluuvfore,  and  \'ou  will  change 
its  structure,  by  increasing  \\w.  develo[)ment  of  ihc  ]>arts 
uewly  brought  into  use  and  l)y  the  diminution  of  thosi; 
k'SS  used;  but  by  altering  the  circumstances  which 
jiirround  it  you  will  rdter  its  actions,  and  hence,  in  the 
long  run,  change  of  circumstance  must  produce  change 
of  organization.  All  the  species  of  animals,  therefore, 
are,  in  Lamarck's  view,  tlu;  result  of  the  in.  ct  action 
of  changes  of  circumstance  upon  those  prinuiive  germs 
khich  he  considered  to  have  originally  aiisen,  by  s[)on- 
taiieous  generation,  w^ithin  the  waters  of  the  globe.  It 
\i  curious,  however,  that  Lamarck  should  insist  so 
Jti'ongly^  as  he  has  done,  that  circumstances  never  in 
5iiy  degree  directly  modify  the  form  or  the  organization 
[if  animals,  but  only  operate  by  changing  their  wants 
md  consequently  their  actions  ;  for  \ni  thereby  brings 
upon  himself  the  obvious  question,  how,  then,  do  plants, 

^  See  Phil.  Zoologique,  vol.  i.  p.  -l-l-J.^  et  seq. 

U 


, 


r 


.,  I 


1 


h 


ft 


p,>r  ' 


m 


l!!)()  /-  ty  s/:nvn\s,  jD/inrssrs,  jxij  itrririrs. 

Mcli  c;;!!)!'*!  Im'  snid  to  li;iv(»  wiiiits  or  actions,  1 


.Ml. 


>('i'(»nic 


ii:<( 


lifiiMl  '{     To  tliis   lie   replies,   llial    tliey  are  inodilicl 


ly     tlie    eliiilincs    ill    tlieir    mitriti\<'    ]>roeesse 


w 


liiel 


1  ;in 


il'eeted    l^^'  cliaimiiiii'   eireuiiistaiie's  ;    and    it    does  imt 


••<cn^ 


to  1 


lave  oeeiirrec 


I    to   1 


lllll 


tliat 


sueh  clmn'^es  nii"lit 


K.'  as  well  supjutsed  to  take  ]>!aee  anioiiL;'  animals. 

When    we    have   siiid    tli.il     Lamarek   i'elt    that    nicrt 
•^ixHulation  was  not   the  wa\'  to  ai'rive  at   the  oi'i<iiii  ofl 
sjM'cies,  hut  that  it  was  neeissirv,  in  ordei'  to  the  estah- 
'i.-hnient  of  any  sound  theiny  on  the  suhjeet,  to  diseover 


■>y  oliservation  or  otlier\vi.''e.  some  rvm  c<ii(sn,  eonipeteiit 
topiverise  t(»  them;  tlwit  lu'  allirmed  the  true  oidrr  dfl 
<'lassilieation  to  coineide  with  the  ordei'  ot"  theii'  devehtp- 
m'-nt  one  from  aiiothei' ;  that  he  insisted  on  the  iieeessitv 
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>i   allowmii'  suiiieieiit  time,  verv  stronu  v  :  aii' 


1   that 
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ihe  vai"ii'ties  of  instinct  and  reason  were  tra-'cd  hack  1 
him  to  the  same  cause  as  that  which  ha«  iriven  rise  t( 
s]tecies,  we  have  enumerated  his  chief  contriluitions  t( 
tlie  advance  cjf  the  <juestioii.     On  the  other  li:ind,  fn 
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lis    i_onoi'ance   ol    any   ])OWer    m    INaturc   com]>etent  t 
modify  the  structure  of  animals,  exce])t  the  develojinioiitl 
of  ])arts,  or  atrophy  of  them,  in  consei|Ucn('e  of  a  chaiiifc 
of  needs,  Jiamai'ck   was  led  to  r.ttach  iniinitelv  o-ivatcr 
wei;j;ht  than  it  deserves  to  this  afi'ency,  and   the  altsui- 
ditit'S   into  which  he  was  led    ha\e  met  with   deservcflf 
condemnation.     Of  the  struir^le  foi*  existence,  on  wliieli, 
as,  we  shall  see,  ^Ir.  ]);:rwin  lays  such  ^reat  stress,  he  luidl 
no  conception  ;  indeed,  he  douhts  whether  thei'e  reallv 
are  such  things  as  extinct  s])ecies,  unless  thev  he  siicli 
hu'iiv  animals  as  may  have  met  their  death  at  the  hniub 
of  man  ;  and  so  little  does  he  dream  of  there  beinof  aiiv 
other   destructive    causes   at    work,   that,   in   disciissin 
the  ])ossiiile  existence  of  fossil  shells,  he  asks,  "  Pourqudil 
d'ailleurs  seroient-ils  ]»erdues  dcs  que  riiomme  n'a  jtu 
oijcrer  leiir  destruction  T"     (Phil.   Zool.,   vol.    i.  p.  77.) 
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notion,   Jiiid  lie   makes  ii'»  \\s<\  df  ihc  wniiili-rl'ul   phii'iio- 
iiR'iiii  whicli  ;ii'»'  cxlii'.iilt'.l  Itv  (lomcsiicMitil  an'mials,  and 


illusti'jitt'  its  power, 


Th 


le  \;ist    illlluelKM-   nl"  ( 'uviiT   was 


rlUl 


ilnve(l    aLiaiiist    the    Laiuarckiaii    \  i- 


ws,  aiK 


I 


ii^ 


tl 


iiiiti'iiii 


Inlit 


^i 


OI       SOIIU'      (' 


r  ii 


lis    cniirillsiinis     was    cjisi 


ly 


>liiiwn,    his    (loclriiie.s    sank    unler    l!ie    (tjiproNiuMi    oC 


M'lt' 


iililic,   as   Well    as    of  tlienlini(.;il,    liL'tcrodoxv 


iiavc 


tlic   cH'orts    iiiaile    oi"    late    Ncars    to    revive    tli 


Sor 

ein 


Glided  to  re-('stal)lish  their  credit  in  the  iiiiuds  of  sound 
iliiidvors  a('(juainted   with  the  laets  ot"  the  case  ;  iiwh-ed 
:r  may  he  (huihted   whether   I.amarek  lias  not  sutl'ered 
more  from  his  l'ri<'nds  than  iVom  his  toes. 
Two  years  a«'o,  in  fact,  tiiou-'ii  we  venture  to  (luestion 
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that  all  was  not  i*ii:ht,  tiieir  position  seemed  more 
iiiipregnahle  than  ever,  ii'  nol  l>y  it-,  own  inherent  streneth, 
;it  a!iv  rate  1)V  thj  ohvious  iailure  of  all  the  atteni])ts 
which  liad  been  made  to  cari'v  it.  (hi  the  other  hand, 
ever  much  the  lew,  wIhj  thought  dee[»ly  (►n  the 
stion  of  species,  mi,i;ht  l»e  rejx'Ilcd  hy  the  e;enerally 
livceived  donmas,  tliev  saw  no  wa\'  of  escai»iim'  from 
them,  save  by  the  adoj-tion  of  sujipositions,  so  little  jus- 
tified by  experiment  or  by  ol)Ser\aiion,  as  to  be  at  least 
qually  distasteful. 
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The  choie(i  lay  between  two  al>suiilities  .and  a  middle 
Itoiidition    of   nneasy  scepticism  ;     which    last,    hov.ever 
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iistifiable  state  of  nun<l  under  the  circumstan 


ce 


Such    b( 


►f 


eniii:  the  aencj'al  lerment  m  the  minds  o 
I  naturalists,  it  is  nc»  bonder  that  thiy  mustered  stron;;-  in 
ilie  rooms  of  the  Liniuean  Societv,  on  the  1st  of  Julv  of 
the  year  1858,  to  heai*  tv/o  })a})ers  by  authors  living 
1011  02>positc  sides  of  the  globe,  ANxrhing  out  their  results 
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in(l('|H'iKl('iitly,  and  yet  profcHsin^  to  liavc  (liscnvcrcd  on,. 
and  the  .sanu'  Holutioii  ot  all  the  jn'oMcms  comicctcd  with 
s]M'(;ir.s.     The  one  of  tln.sc  authoi's  was  an  al>h'  natiirali.st. 
^Ir.  Walhu'c,  who  had  hern  employed  for  some  years  in 
studyinjL^  the  productions  of  the   islands  of  the  JndianI 
Aiehipela«;(>,  and  wlio  had  forwarded  a  memoir  emhod) 
in.L'"  his  views  to  ^Ir.  Darwin,  for  eommunieation  to  tliel 
Linnjean  Society.     On  ])eriisinfj  the  essay,  Mr.   Darwin| 
was  not  a  little  surprised  to  find  that  it  embodied  sonii 
of  tlie  leading  ideas  of  a  <^ivat  work  which  he  had  hccnl 
preparing'  for  twenty  years,  and  parts  of  which,  contain- 
in"^'  a  development  of  th(^   very  same  views,  had  \)vv\\ 
])erused   by  his  ]»iivate  friends  fifteen   or  sixteen  ycjir: 
i)efoi'e.     Perplexed    in    what  njanner   to  do   full  jiistjccBiii-e  n 
hoth    to  Lis   friend   and  to  liimsclf,   Mr.   Darwin   jiljiccilP 
the  mattei"  in  the  hands  of  Dr.  J  looker  and  Sir  (*h;iil( 
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of  his  own  views  to  the  Linmean  Society,  at  the  siinnj 
lime  that  !^^r.  A\  allace's  papei'  was  read.    ( )f  that  abstnictj 
the  work  on  the  "Origin  of  S|»ecies"  is  an  enlargemoiil 
but   a   com]>1et(;    statement  of  J\li'.  Darwin's   doctrine  i 
looked  for  in  the  lari>'e  and  well-illustr;ited  work  wliii 
he  is  said  to  be  preparijig  for  publi(;ation. 

The  Darwinian  hypothesis  has  the  merit  of  liein; 
eminently  sim[>le  and  (comprehensible  in  ])rinciple,  iiii 
its  essential  jtositions  may  be  stated  in  a  very  ii 
\V(>rds  :  all  s])ccics  have  been  procbiced  by  the  devoid] 
ment  of  varieties  from  common  stocks  l)y  the  conversin 
of  these  first  into  permanent  races  and  then  into  iii\  ivery 
species,  by  the  ])roc('ss  of  natvnd  sclcctioii,  Avliir 
])i'ocess  is  essentially  identical  with  that  artificial  selii 
tion  by  which  mjui  has  oriuinated  the  races  of  domosti 
animals — the  .strtK/ijJe  for  existence  taking  the  pk 
of  man,  and  exertini^s  in   the  case  of   natural  selectioi 
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that    seleetive    action    which    he    performs    in    artificial 

selection. 

The    evidence    lu'ou,L;ht    forward    l»y    Mr.    Pai'win    in 

i|»port  (►f  his  liy[>otlicsis  is  of  tlirei;   kinds.      Fiist,  lie 

Lnclcavours  to  piove  that  species  may  he  ori_<;inated  hy 

election  ;  secondly,    he  attempts  to   show   that  natural 

•aiises  ai'c  comiK'tent  to  exert  selection  ;  and  thiidiv,  he 

jtiics  to  pi'ove  that  the  most  remaikaMe  and  apparently 

iinomalous  phieiiomeiia  exhiltited  hy  the  distrihiition,  de- 

Ivolopment,  ami  mutual  relations  of  species,  can  he  shown 

to  he  (h'<lucil)le  h'^nw  the  i;'eneral  doctrine  of  their  orii^in, 

|\vhich  \\v.  pro[)ounds,  coinl>ined   with  the  kncjwn  facts  of 

J^(.'olt)gical  change  ;  and  that,  even  if  all  tliesi;  j)ha'nonu'na 

justiccBiire  not  at  present  expli(!able  hy  it,  none  are  uecessaiily 


|1U(.'( 


uisistent  with  it. 


There  cannot  he  a  doubt  that  the  method  of  iiupiiry 
which  .Mr.  Darwin  h;is  adctpted  is  not  oidy  rigorously  in 
liucordance  with  the  canons  of  sci«'ntilic  l(\L;ic,  hut  that  it 
lis  the  only  a<lc(|uate  methoiL     Critics  exclusively  trained 


111  classics  or  in  matliematK.'s,  w 
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let( 
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scientific  fact  in  their  lives  by  iiKhiction  from  experiment 
lor  observation,  prate  Icai-iiedly  about  .Mr.  Darwin's 
jmcthod,  which   is  jiot  incbictive   enough,  not  liaconian 
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nh,  forsooth,  for  them.      JUit  even  if  Dractical  ac 


merit  of  bcin'Bquaintance  with  the  process  of  scientiiii;  invest 
in  ])rinciple,  aiiil 
in    a   very  fi^jMill's  admirable  cha}>ter  "  On  the   Deductive 
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that  there  are  multitudes  of  scientific  iiupiiries,  in  whi('h 
me  method  of  })ure  induction  helps  the  investigator  but 


very 


littl 


e  ^^■a 


y 


"The  nioile  of  invostigation,"  says  'Mr.  ^lill,    "which,  from  the 

broved  inap[)licability  of  direct  methods  of  observation  and  experi- 

pent,  remains  to  us  as  the  main  source  of  the  knoM'lcdgc  -we  possess, 

br  can  acquire,  respecting  the  conditions  and  laws  of  recurrence  of  tlie 

iiore  complex  pha3nomena,  is  called,  in  its  most  general  expression, 
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tlie  (Icdnctivo  nipthod,  and  consists  of  tlireo  operations  ;  the  first,  one 
of  direct  induction;  the  second,  of  ratiocination;  and  tlie  third,  of 
verification." 


Now,  tlic  cDiiditions  vrliicli  liavo  (IctoniiiiKHl  the  ox- 
isteiK'O    of   spL'ch's    are  not    only    exceedingly    complex, 
Imt,  so  far  as  the  o-reat  iiiajoritv  of  them  are  concerned, 
arc  necessarily  beyond  our  cogiuzance.     liut   what  ^Ir. 
Danvin  has  attempted  to  do  is  in  exact  accordance  with 
the  rnlc  Liid  down  by  Mr.  ^lill  ;  he  has  endeavoured  to 
detcn'mine  certain  great  facts  inductively,  by  observation 
and   experiment ;    he  has  then  reasoned   from   the  data 
thus  furnished  ;  and  Listly,  he  has  tested  the  validity  of  | 
his  ratiocination  by  comparing  his  (h'ductions  Avith  the 
observed  facts  of  Nature.     Inductively,  Mr.  Darwin  en- 
deavours to  pro7c  that  species  arise   in  a  gi\'en  way. 
Deductively,  he  desires  to  show  that,  if  they  arise  in  that! 
way,  the  facts  of  distribution,  development,  classification, 
&c.,  may    be  accounted  for,   /.  c.  may  be  deduced  from 
their  mode  of  origin^  combined  with  admitted  changes  iii| 
physical    geography  and    dim,  to,   dttring   an    indefinite 
period.     And  this  explanation,  or  coincidence  of  observedl 
with  deduced  facts,  is,  so  far  as  it  extends,  a  verificatiouj 
of  the  Darwinian  view. 

There  is  no  fault  to  be  found  with  ^\v.  Darwin's! 
method,  then  ;  but  it  is  another  question  whether  he  liasl 
fid  filled  all  the  conditions  imposed  by  that  method.  Isl 
it  satisfactorily  proved,  in  fact,  that  species  may  hd 
orio'inated  by  selection  ?  that  there  is  such  a  thino-  asl 
natural  selection  ?  that  none  of  the  plu^enomena  exhil)iteilj 
by  species  are  inconsistent  with  the  origin  of  species  in  tliisl 
way?  If  these  questions  can  be  answered  in  the  afiirra- 
ative,  ^Ir.  Darwin's  view  steps  (mt  of  th<^  ranks  of  hypo-| 
theses  into  those  of  proved  theories  ;  but,  so  long  as  the 
evidence  at  present  adduced  falls  short  of  enforcing  tliatj 
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ftirmation,  so  lonQ-.  to  our  minds,  must  the  new  doctrine 


he  cont<'nt  to  remain  amon<>'  the  former — an  extrenieh 
vahial)k\  and  in  the  highest  degree  }ir(»])ahh',  doctrine 
indeed  the  only  extant  hy[>othesi.s  which  is  wortli  any- 
thing in  ;i  scientitic  })oint  of  view  ;  l)Ut  slill  a  hypothesis, 


and  not  yet  the  theory  of  si)eeies. 


After 
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ainst  ^Ir.  Darwin's  views,  it  is  our  (dear  conviction 
that,  as  the  evidence  stands,  it  is  not  a) -olutely  proven 
that  a  group  of  animals,  having  all  the  characters  «  xlii- 
bited  hy  species  in  Nature,  has  ever  l)een  originated  by 


I  selection,  whether  artificial  or  natural.     Grou[)s  having 

the  mor[)h(jlogical  character  of  s[)ecies,  distinct  and  per- 

|manent  races  in  fact,  have  been  so  pr<!duced  over  and 

lere  is  no  positive  evifl'-nce,  at  present. 


over  airain 


but  tl 


that  any  group  of  animals  has,  l)y  variation  and  selective 
breeding,  given  rise  to  another  group  which  wa.s  even  in 
the  least  dei»Tee  infertile  with  the  tirst.     .Mr.  Darwin  is 


per 


fectlv 


aware 


of  til 


lis  weak  [loint,  and  IjriuLis  forward  a 


multitude  of  inii'enious  and  important  ai'u'uments  to  di- 

|nnnisli  the  force  of  the  objection.      \\'e  admit  the  value 

)f  these  aroumeiits  to  their  fullest  extent  ;   nav,  we  will 
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crificationl J^'^  ^^  ^'*^'  ^^''^  ^*^  express  our  belief  that  ex[»eriments,  co 
kicted    by  a  skilful  physiologist,  would    very  probably 
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enforcino'  that 


ihtaiii  the  desired  production  of  mutually  more  or  k 
infertile  breeds  from  a  common  stock,  in  a  coni[)aratively 
|fi'\v  yc'ars  ;  ])ut  still,  as  the  case  stands  at   [»reseiit,  this 
little  rii't  within  the  lute"'  is  not  to  be  disguised  nor 
luvorlooked. 

In  the  remainder  of  ]\lr.  Darwin's  argument  our  own 

Iprivate  ingenuity  has  not  hitherto   ciialiled  us  to  pick 

liules  of  any  great  importance  ;  and  judging  by  what  we 

lliear  and  read,  other  adventurers  in  the  same  ticld  A^  iKjt 

seem   to  have  been  much  more  ha'tunate.     It  has  been 

urged,  for  instance,  that  in  his  cha}>ters  on  the  struggle 
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for  cxistciK'c  and  on  nntiiriil  .selection,  Wv,  Dnrwin  does 
not  8()  much  prove  tluit  natural  selection  does  occur,  as 


nuK 
that  it  must  occur  ;  but,  in  fact,  no  other  sort  of  dc^m 
tion  is  attainable.     A  race  does  not  attract  oui* 
hi  Nature  until  it  has,  in  all  prol)al»ility,  exi.^ted  f 


onstra- 
tentioii 


or  a 


considerable  time,  and  tlicn  it  is  too  late  to  iiKjuirc  into 
the  coiuHtions  of  its  ori_L»in.  Again,  it  is  said  that  there 
is  no  real  analogy  Ijetween  tlie  selection  which  takes 
place  under  domestication,  by  human  influence,  and  any 
operation  which  can  be  ell'ected  by  Nature,  for  man  inter- 
feres intelligently.  Reduced  to  its  elements,  tliis  argu- 
ment inqJies  that  an  eifect  piodueed  with  trouble  by  an 
inti'lligent  agent  -mw^i.Ci  fortlovl,  be  more  troul)lesome,  if 
not  inii)ossil)le,  to  an  unintelligent  agent.  Ev^eii  putting- 
aside  the  question  whether  Nature,  acting  as  she  docs 
according  to  definite  and  invarialde  laws,  can  be  rightly 
called  an  unintelligent  agent,  such  a  ]tosition  as  this  is 
wholly  untenable,  ^fix  salt  and  sand,  and  it  shall  puzzk' 
the  wisest  of  men,  with  his  mere  natui-al  ap]>liances,  to 
separate  all  the  grains  of  sand  from  all  the  grains  of  salt; 
but  a  shower  of  rain  will  effect  the  same  object  in  ten 
minutes.  And  so,  while  man  may  find  it  tax  all  his  in- 
telligence to  separate  any  varii'ty  whieh  arises,  and  to 
breed  selectively  from  it,  tlie  (K'structive  agencies  inces- 
santly at  work  in  Nature,  if  thc-y  find  one  variety  to  k' 
more  soluble  in  circumstaiiees  than  the  other,  will  inevit- 
ably, in  the  long  run,  eliminate  it. 

A  frequent  and  a  just  objection  to  the  Lamarckian 
hypothesis  of  the  transmutation  of  s}>ecies  is  based  upon 
the  absence  of  transitional  forms  between  many  species. 
But  against  the  Darwinian  hyp<itliesis  this  argument  has 
no  force.  Indeed,  one  of  the  most  valuable  and  suo'0(\s- 
tive  parts  of  ]\lr.  Darwin's  work  is  that  in  which  he 
proves,  that  the  frequent  absence  of  transitions  is  a  ne- 
cessary conse(juence  of  his  doctrine,  and  that  the  stock 
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whcncc  two  or  moi'c  species  have  sprung,  ncd  in  no 
respect  l)e  intermediate  between  tliese  species.  If  any 
two  species  have  arisen  from  a  connnon  stock  in  the  same 
way  as  the  carrier  and  the  })outer,  say,  have  arisen  from 
the   rock-})i< 


an. 


then  th 


stock  of   th 


tw 


L)r(; 
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termedia 

than  the  rock-pigeon  is  between  the  carrier  and  pouter. 
Clearly  appreciate  the  Ibrcc'  of  this  analogy,  and  all  the 
arguments  against  the  origin  of  species  by  sclecli<»n,  based 
on  the  absence  of  transition.d  f»nms,  fall  to  the  ground. 
And  Mr.  Darwin's  jxisition  might,  we  think,  have  been 
even  stronger  than  it  is  if  he  liad  not  embarrassed  himself 
with  the  ajihorism,  ''  Natura  noii  fdcit  salfiihi,"  which 
turns  up  so  often  in  his  ]>ages.  We  believe,  as  we  have 
said  above,  that  Nature  does  make  jum[)S  now  and  then, 
and  a  recognition  of  the  fact  is  of  no  small  importance 
in  disposing  of  many  minor  objections  to  the  doctrine 
of  transmutation. 

But  we  must  pause.  The  discussion  of  j\[r.  Darwin's 
arGfuments  in  detail  would  lead  us  far  bevond  the  limits 
within  which  we  ])roposed,  at  starting,  to  conline  this 
article.  Our  object  has  l>een  attained  if  we  have  given 
an  intelligible,  however  brief,  account  of  the  established 
facts  connected  with  species,  and  of  the  relation  of  the 
explanation  of  those  facts  oU'ered  by  ■Mr.  Darwin  to  the 
theoretical  views  hehl  by  his  i)redecessors  and  his  con- 
temporaries, arid,  above  all,  to  the  rerpiirements  of  scien- 
tific logic.  We  hav(»  ventured  to  point  out  that  it  does 
not,  as  yet,  satisfy  all  those  refpiirements  ;  but  we  do  not 
hesitate  to  assert  that  it  is  as  superior  to  any  preceding 
or  contemporary  hypothesis,  in  the  extent  of  obser\'ational 
and  experimental  basis  on  which  it  rests,  in  its  rigorously 
scientihc  method,  and  in  its  ])ower  of  explaining  Ijiolo- 
gical  phsenomena,  as  was  tln^  hypothesis  of  Copernicus  to 
the  speculations  of  Ttolemy.     But  the  planetary  orbits 
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turned  out  to  be  not  (jiuto  circulMr  after  all,  and,  grand 
as  was  tlie  service  Oopernieus  rendered  to  science,  Kepler 
and  Newton  li.nl  to  come  after  him.  What  if  the  orbit 
of  Darwinism  sliould  he  a  little  too  circular?  What  if 
species  should  otfer  residual  [)luenomena,  here  and  there, 
not  explieahle  hy  natural  selection  1  Twenty  years  hence 
naturalists  may  he  in  a  position  to  say  whether  this  is,  or 
is  not,  the  case  ;  hut  in  either  event  they  will  ovre  the 
author  of  "The  Origin  of  S[)ecies"  an  immense  debt  of 
gratitude.  We  should  leave  a  very  wrong  impression  on 
the  reader's  mind  if  we  permitted  him  to  suppose  that 
the  value  of  that  work  depends  wholly  on  the  ultimate 
justification  of  the  theoretical  views  which  it  contains. 
On  the  contrary,  if  they  were  disproved  to-morrow,  the 
book  would  still  be  the  best  of  its  kind — the  most  com- 
pendious statement  of  well-sifted  facts  bearing  on  the 
doctrine  of  species  that  has  ever  appeared.  The  chapters 
on  Variation,  on  the  Striio-olc  for  Existence,  on  Instinct, 
on  Hybridism,  on  the  Imperfection  of  the  Geological 
Record,  on  Geographical  Distrilnttion,  have  not  only  no 
equals,  but,  so  far  as  our  knowledge  goes,  no  competitors, 
within  the  rano-c  of  bioloo'ical  literature.  And  viewed  as 
a  whole,  we  do  n(U  believ(^  that,  since  the  publication  of 
Von  Baer's  Tiesearches  on  Develo})ni'jnt,  thirty  years  ago, 
any  \Vork  has  appcnired  calculated  to  exert  so  large  an 
inliuence,  not  only  on  the  future  of  liiology,  but  in  ex- 
tendin!!''  (he  domination  of  Science  over  reoions  of  thought 
into  which  she  has,  as  yet,  hardly  penetrated. 
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XIII. 
CRITICISMS  OX  ''THE  ORIGIN  OF  SPECIES." 

1.  UeBKR     die    DaRWIn'scIIK     .ScilorFL'XGSTHKUHlE;     KIX     VoUTRAO,    VON 

A.  KiiLLiKER.     Leipzig,  1^()4. 

2.  Examination  du  Livre  de  M.  Dauwin  8ur  l'Origine  deb  Especes. 

Par  r.  Fluluens.     Paris,  ISG-l. 

Ix  tlic  course  of  the  present  year  [I8G4]  several  foreign 
commentcU'ies  upon  ]\Ir.  Darwin's  great  work  luive  made 
their  appearance.  Those  wlio  liave  ])eruse(I  that  re- 
markable chapter  of  the  "  Antiquity  of  ^hm,"  in  which 
Sir  Charles  Lyell  draws  a  parallel  between  tlic  develop- 
ment of  species  and  that  of  languages,  will  be  glad  to 
hear  that  one  of  the  most  eminent  philologers  of  Ger- 
many, Professor  Schleicher,  has,  independently,  published 
a  most  instructive  and  ])hilosopliictd  pamphh't  (an  excel- 
lent notice  of  which  is  to  be  found  in  the  Reader ^ 
for  February  27th  of  this  year)  sup[)orting  similar  vie\vs 
with  all  the  weight  of  his  special  knowledge  and 
established  authority  as  a  linguist.  Professor  Haeckel, 
to  whom  Schleicher  addresses  himself,  previcmsly  took 
occasion,  in  his  splendid  monograph  on  the  Radlolavla^^ 
^  "  Die  EatUolarien  :  eine  Monographie,''  p.  231. 
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to  express  liis  liipjli  aj)|)rociatioii  of,  raid  general  coneord- 
aiice  with,  AFr.  Darwin's  views. 

But  tlic  most  elaborate  ciitieisms  of  tlie  "  Origin  of 
Speeies"  which  have  a]»p('ar(Ml  are  two  woi'ks  of  vei'v 
widely  diflereiit  merit,  the  one  l)y  Professor  Kolliker,  the 
well-known  anatomist  and  histolnoist  of  Wilr/hurg;  the 
other  by  M.  Flourens,  ri'rpetual  Seeretary  of  the  French 
Academy  of  8ei('nees. 

Professor  Kolliker's  critical  essay  "  U])on  the  Dar- 
winian Theory  "  is,  like  all  that  proceeds  from  the  pen 
of  that  thoughtful  and  acc.'omplished  writer,  worthy  of 
the  most  careful  consideration.  It  comprises  a  ])ri(^f  but 
clear  sketch  of  Darwin's  views,  followcMl  ])v  an  enum(> 
ration  of  the  leading  dilHculties  in  the  way  of  their 
acceptance  ;  difficulties  which  would  appear  to  l)e  insur- 
mountable to  Professor  Kolliker,  inasmuch  as  hc'  proposes 
to  replace  Mr.  Darwin's  Theory  1)y  one  which  he  terms 
the  *'  Theory  of  Hetei'ogeneous  Generation."  We  shall 
proceed  to  consider  first  the  destructive,  and  secondly, 
the  constructive  ])ortion  of  t\\(\  essay. 

AVe  regret  to  find  ourselves  comjx'lled  to  dissent  very 
widely  from  many  of  Professor  K()lliker's  remarks  ;  and 
from  none  more  thoroughly  than  from  those  in  which  he 
seeks  to  define  what  we  may  term  the  philosophical 
position  of  Darwinism. 

*' Darwin,"  says  Professor  Kolliker,  "is,  in  the  fullest  sense  of  the 
word,  a  Teleologist.  lie  says  (juite  distinctly  (First  Edition,  pp.  199, 
200)  that  every  jiarticular  in  the  structure  of  an  animal  has  lieen 
created  for  its  benelit,  and  ho  regards  the  whole  series  of  animal  forms 
only  from  this  point  of  view." 

And  again : 

"  7.  The  teleological  general  conception  adopted  by  Darwin  is  a 
mistaken  one. 

"Varieties  arise  irrespectively  of  the  notion  of  purpose,  or  of  utility, 
according  to  gem^ral  laws  of  Nature,  and  may  be  either  useful,  or 
hurtful,  or  indill'erent. 
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"The  assnnipticu  that  an  organism  exists  only  on  account  of  some 
definite  end  in  view,  and  represents  something  more  tlian  tlie  incor- 
poration of  a  g(Mieral  idea,  or  law,  implies  a  ones-sided  conception  of 
the  universe.  Assuredly,  every  organ  lias,  and  every  organism  fulfils, 
its  end,  but  its  purj^se  is  not  the  condition  of  its  existence.  Every 
organism  is  alsD  suthciently  i)erfect  for  the  purpose  it  serves,  and  in 
that,  at  least,  it  is  useless  to  seek  for  a  cause  of  its  improvement." 

It  is  singular  how  difFereiitly  one  and  the  same  book 
will  im})r('ss  ditlerent  minds.  That  which  struck  the 
present  writer  most  forcibly  on  his  first  perusal  of  the 
"  Origin  of  Species  "  was  the  conviction  that  Teleology, 
as  commonly  understood,  had  received  its  deathblow  at 
Mr.  Darwin's  hands.  For  the  teleological  argument  runs 
tlius  :  an  organ  or  organism  (A)  is  precisely  fitted  to 
pcrfoi'm  a  function  or  purpose  (ll)  ;  therefore  it  was 
specially  constructed  to  perform  that  function.  In 
Pah'y's  famous  illustration,  the  ada})tation  of  all  the 
parts  of  the  watch  to  the  function,  or  purpose,  of  show- 
itio'  the  time,  is  held  to  l)e  evidence  that  the  watch  was 
8])('cially  coiitrived  to  that  end  ;  on  the  ground,  that  th(j 
only  cause  we  know  of,  competent  to  pnjduce  such  an 
c'Hect  as  a  Avatch  wdiich  shall  keep  time,  is  a  contriving 
intelligence  adapting  the  means  directly  to  that  end. 

Suppose,  how^ever,  that  any  one  had  been  able  to  show 
that  the  Avatcli  had  not  l)een  miide  directly  by  any 
[leison,  but  that  it  was  the  result  of  the  modification 
of  another  watch  A\'hich  kept  time  Imt  poorly ;  and  that 
this  again  had  proceeded  from  a  structure  which  could 
bardly  be  called  a  watch  at  all — seeing  that  it  had  no 
figures  on  the  dial  and  the  hands  were  rudimentary  ; 
and  that  o-oiuo-  back  and  Ijuck  in  time  we  came  at  hust 
to  a  revolving'  barrel  as  the  earliest  traceable  rudiment 
of  the  whole  faltiic.  And  imagine  that  it  had  been 
possible  to  shoA\'  that  all  these  changes  had  resulted,  first, 
from  a  tendency  of  the  structure  to  vary  in(h_'finite]y  ; 
and  secondly,  from  something  in  the  surrounding  world 


' 


1   lit 


h- 


'.( 


!i 


J) 


Hi. 


!f 


ii 


' 


*  I 


Ifll 


:]02 


UV  SERMONS,  ADl)Ri:SSi:S,  AM)  RITIVAVS 


[xiii. 


wliicli  li('l|>('<l  all  variations  in  the  direction  of  an  aecii- 
rate  tinK'-k(.'('])<'r,  jind  checked  all  those  in  otlicr  directions; 
then  it  is  ohvioiis  that  the  force  of  Talev's  arfjnineut 
would  1)(!  gnne.  J'or  it  would  he  demonstrated  that  an 
a])])aratus  thoroup;hly  well  ada])ted  to  a  j)iirticular  jiur- 
]>ose  might  he  the  I'esult  of  a  method  of  ti'Ial  and  error 
Avorked  hy  unintelligent  agents,  as  well  as  of  the  direct 
a})])licatioii  of  the  means  a])|)ropriate  to  that  end,  by  an 
inti-'lliu'ent  a(x<'nt. 

Now  it  ajipears  to  us  that  what  we  have  here,  for  illus- 
tration's sake,  su})i)ose(l  to  be  done  with  the  watch,  is 
exactly  what  the  establishment  of  Darwin's  Theory  will 
do  for  the  oriianic  world.  For  the  notion  that  every 
orffiuiism  has  been  created  as  it  is  and  launched  strai;rht 
at  a  ]>ur|)ose,  ]\Ir.  Darwin  substitutes  the  conception  of 
something  which  nniy  fairl}^  be  termed  a  method  of  trial 
and  error.  Organisms  vary  incessantly;  of  these  varia- 
ti<ms  tlic  few  meet  with  surroundinof  conditions  which 
suit  them  and  thrive ;  the  many  are  imsuited  and  Ijc- 
come  extinguished. 

AccordiuGj  to  Teleoloo;y,  each  or<]^anism  is  like  a  rifle 
bullet  fired  straight  at  a  mark  :  according'  to  Darwin, 
organisms  are  like  grapeshot  of  which  one  hits  some- 
thinc^  and  the  i-est  fall  wide. 

For  the  teleoloo-ist  an  oro-anism  exists  because  it  was 
made  for  the  conditions  in  which  it  is  found  ;  for  the 
Darwinian  an  organism  exists  because,  out  of  many  of 
its  kind,  it  is  the  only  one  which  has  been  able  to  persist 
in  the  conditions  in  which  it  is  found. 

Teleoloi]jv  implies  that  the  orojans  of  everv  orc^anisin 
are  perfect  and  cannot  be  im})rovcd ;  the  Darwinian 
theory  simply  afhrms  that  they  work  well  enough  to 
enable  the  orij^anism  to  hold  its  own  ac^ainst  such  com- 
petitors  as  it  has  met  with,  l)ut  admits  the  p'jssibility  of 
indefinite   improvement.     But   an   example    may   bring 
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into  clearer  light  the   i)rofound  o]'])osition  between  the 
ordinary  teleok)gical,  and  the  JJarwinian,  coiieeidion.      \ 

CVits  catch  mice,  small  birds  and  the  like.  \erv  weH. 
Teleohii:V  tells  us  tluit  \\\v\  do  .•>()  bee;iu>e  thev  Wciv 
expressly  constructed  ibr  .-o  doing — that  they  ;,re  jterfcct 
mousing  ai>])aratusi'S,  so  perleet  jiiid  so  (h'lie;ilely  ad- 
justed that  no  one  of  their  oigans  could  he  altered, 
without  the  change  involvini:'  thr  alterati(_»n   of  nil   the 


\^ 


\  \. 


c 


rest.     Darwinism    aflirms,   (»n    the    contr;ir\-,  that    there  / 
was  no   ex]»ress  construction  concerned   in   the   matter; 
Imt    that    amon^    the    multitudiimus    variations   of  the/        t 
Feline   stock,   many   of   which   died   out   imm    want  of      ,  ^ 
])()wer  to  resist  ojjposing  iniliienccs,  some,  the  eats,  wer^        > 
lljL'tter  fitted   to    catch    mice    than    others,  A\lienee    thev 
throve   and   ])ei'sisted,   in    j)r(>]i()rti(»n    to   the  ativantagu 
lover  their  fellows  thus  oli'ered  to  them. 

Tar  from  imaizinino'  tliat  ciits  exist    ///  vidi  r  to  catch 
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they  catch  mice  well — mousing  beini;-  net  tl.c  end,  but 
the  condition,  of  their  existence.  And  ii"  the  cat-tyjte 
has  long  persisted  as  wc  know  it,  the  interpietation  of 
the  fact  u})on  Darwinian  princi})les  wordd  be,  not  that 
Itlie  cats  have  renuuned  invariable,  but  that  such  varieties 
as  have  incessautlv  occurred  have  been,  on  the  V\hole, 
less  fitted  to  get  on  in  the  Avorld  than  the  existini^ 
stock. 

If  we  apprehend  the  spirit  of  the  "  Origin  of  S})ecies" 
li^rhtlv,  then,  nothing  can  be  more  entirely  and  abso- 
lutely  opi)Osed  to  Teleoloov,  as  it  is  commonlv  under- 
stood,  than  the  Darwinian  Theorv.  So  f:r  IVom  beiufr 
a  "  'JY'l colonist  in  the  fullest  sense  of  the  v  ord,"  we 
should  deny  that  he  is  a  lYleulogist  in  the  ordinary 
sense  at  all ;   and   we  should  say  that,  ajtart   from  his 

erits  as  a  iiatundist,  he  has  rendered  a  nnjst  remarkable 
Service  to  ptliilosophical  thought  by  enabling  the  student 
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of  Nature  to  recognise,  to  their  fullest  extent,  those  ndap- 
tations  to  purpose  whi'  h  an;  so  striking  in  the  orgaiiic 
world,  and  whieh  Teleology  has  done  good  service  in 
keeping  before  our  minds,  without  heing  false  to  the 
fundamental  prinei[>les  of  a  scientific  conception  of  tlu' 
universe.  The  apparently  diverging  teachings  of  thd 
Teleologist  and  of  the  ^[or})hologist  are  reconciled  l)v 
the  Darwinian  hy[)Othesis. 

But  leaving  our  own  impressions  of  the  **  Origin  of 
Species,"  and  turning  to  those  passages  specially  cited  liy 
Professor  Koiliker,  we  cannot  admit  that  tliey  hear  the 
interpretation  he  puts  u])()n  them.  Darwin,  if  we  read 
him  rightly,  does  not  alKrm  that  eveiy  detail  in  the 
structure  of  an  animal  has  been  created  for  its  benefit. 
His  words  are  {\\  1!)9)  : — 

"Tlid  for(^j,'oinc;  rciuiirks  load  mc  to  P.iy  a  few  -words  on  tlio  ])rotest 
lately  iiiiuli!  hy  SOUK!  iiatuialists  ai^ainst   tlio  utilitarian   doctrine  tli;it| 
every  detail  of  stiucturo  has  been  produced  I'ortliegofjd  of  itspossesKor. 
Tliey  bt'lieve  that  very  many  structures  liave  heon  created  for  beaulyl 
in  tlu!  eyes  of  man,  or  for  nua-e  variety.     This  doctrine,  if  true,  Avuukl 
ho  ah.^ohittdy  fatal  to  my  theory — yet  I  fully  admit  that  many  strac-| 
tures  are  of  no  direct  uso  to  their  possessor." 

And  after  sundry  illustrations  and   qualifications,  lioj 
concludes  (p.  200)  : — • 

"Hence  every  detail  of  structure  in  every  living  creature  (makin;,' 
some  little  allowance  for  the  direct  action  of  physical  conditions)  may 
he  viewed  either  as  having  been  of  sjiecial  use  to  some  ancestral  form, 
or  as  heing  now  of  special  use  to  the  descendants  of  this  form — eitlier 
directly,  or  indirectly,  through  the  complex  laws  of  growth." 

But  it  is  one  thing  to  say,  Darwinically,  that  every 
detail  observed  in  an  animal's  structure  is  of  use  to  it, 
or  has  been  of  use  to  its  ancestors  ;  and  quite  another 
to  affirm,  teleologically,  that  every  detail  of  an  animal's 
structure  has  been  created  for  its  benefit.  On  the  former 
hypothesis,  for  example,  the  teeth  of  the  feetal  Balieno 
have  a  meaning ;  on  the  latter,  none.     So  far  as  we  aro 
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aware,  there  is  not  a  phrase  in  the  "  Origin  of  8j)eeies," 
ineonsistent  with  Professor  Kolliker's  position,  that  "va- 
rieties arise  irrcsjuictively  of  the  notion  of  purpose,  or 
of  utility,  aecoriling  to  general  laws  of  Nature,  and  may 
he  either  Useful,  or  hurtful,  or  indifferent." 

On    the   <;ontrary,  Mr.   Darwin    writes    (Summary  of 
I'hap.  \'.)  :— 

"  Our  ii^'iKJiMiuMMif  []\v  laws  of  v.iriiilioii  i>  jtrnluuiiil.     Xi»t  in  uik^ 
caso  out  of  a  huuilrod  can  \v<!  luotond  to  assign  any  reason  wliy  thi.--,  or 

lliat  part  vario.s  more  or  lens  from  tlio  samo  part  in  tlio  parents 

The  external  conditions  of  lifn,  as  climate  and  food,  iV'c.  seem  to  have 
induced  some  slij^dit  moililications.  Habit,  in  producin;^'  constitutional 
(jillerences,  and  use,  in  streni^tlieninf,',  and  disuse,  in  weakenin.L,'  and 
diminishing  organs,  secim  to  have  heeu  m(jre  potent  in  their  ell'ects." 

And  finally,  as  if  to  prevent  all  possihle  miseoneeption, 

iMr.  Darwin   eoncludes  his   Chapter  on    N'ariation   with 

|tliese  pregnant  words  : — 

"  Whatever  the  cause  nuiy  he  of  each  sliglit  dilleren<;e  in  the  offspring 
I  from  their  i)arents — and  a  cause  for  each  must  exist — it  is  the  steady 
accumuhition,  through  natural  selection  of  such  diiferences,  when  bene- 
licial  to  the  individual,  that  gives  rise  to  all  the  more  important 
modifications  of  structure,  by  'which  the  innumevablo  l)eings  on  the 
fiicH  of  the  earth  are  enabled  to  struggle  with  each  otiier,  and  the  best 
[adapted  t<j  survive." 

We  have  dwelt  at  length  upon  this  suhjeet,  because  of 
I  its  great  general  importance,  and  because  we  believe  that 
Professor  Kolliker's  criticisms  on  this  head  are  based 
upon  a  misapprehension  of  Mr.  Darwin's  views — sub- 
stantially they  appear  to  us  to  coincide  with  his  own. 
iThe  other  objections  which  Professor  Kolliker  enumerates 
land  discusses  are  the  following  •} — 

"1.  iN'o  transitional  forms  between  existing  species  are  known; 
and  known  varieties,  whether  selected  or  spontaneous,  never  go  so 
far  as  to  establish  new  species." 


^  Space  will  not  allow  us  to  give  Professor  Kiilliker's  arguments  in  detail  ; 
our  readers  will  find  a  full  and  accurate  version  of  them  in  the  Ecadcr  for 
August  13th  and  20th,  18G4. 
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To  lliis  Professor  Kollikcr  nppoars  to  nttucli  somi' 
Weight.  He  in;ik<'s  tlic  suixfn'stion  tlint  the  sliort-ijiccil 
tiiiiiMcr  ]>ii;voii   lUMy  he  }i,  jiiitlioloMical  product. 

"  2.  No  traiisiti(»n!i]  forms  of  nniiiials  aro  mot  ^vill^  among  tlie 
or.'auic  rcinains  of  cailij-r  ('podiH." 

Upon  tliis,  Pi'ofcssol'  K(i]lik<'i'  roninvks  tlint  tlic  nbsciuT 
of  traiiwitioiKil  f(»iiiis  in  the  fossil  woi-ld,  thoiiLrli  not  nc- 
ccssMrily  fatnl  tu  l)ar\vin's  views,  weakens  liis  case. 

".'5.  Tlu)  .stnif,';^'le  lor  existence  tlocs  not  take  place." 

To  tin's  ol»je('tion,  nrge(I  l>y  Pclzeln,  Kolliker,  very 
jiistlv,  attaelies  no   \veii»iit. 

"  4.  A  tendency  of  orc^anisnis  to  give  rise  to  useful  varieties,  aiKJ 
a  natural  selection,  do  not  exist. 

"The  varieties  which  aro  found  arise  in  consequenco  of  manifold 
external  inlhuMuies,  and  it  is  not  obvious  why  they  all,  or  partially, 
should  he  particularly  useful.  Each  .mimal  suffices  for  its  own  ends, 
!■<  perfect  of  its  kin<l,  and  needs  n"»  further  develojiment.  Should, 
however,  a  variety  ))e  useful  and  even  maintain  itsidf,  there  is  no 
(d)vious  reason  why  it  should  change  a;;y  further.  'J'he  whol^  eon- 
ecption  of  the  im|)erfection  of  organisms  and  the  ueccssity  of  their 
heconiing  ])erfected  is  ]dainly  the  weakest  side  of  Darwin's  Theory, 
and  a  pis  alter  (\othl>ehelf)  because  Darwin  could  think  of  no  otlior 
principle  by  which  to  explain  the  metamorphoses  which,  as  I  also 
l)elieve,  have  occurred." 

Hero  ao^ahi  wo  must  vonturo  to  dissent  completely 
from  Professor  KoUiker's  eoneepiioii  of  Mr.  Darwins 
hypothesis.  Tt  a])])ears  to  ns  to  l>e  one  of  the  many 
peculiar  merits  of  tliat  hypothesis  that  it  involves  no 
belief  in  a  necessary  and  continual  prooress  of  organisms. 

Again,  Mr.  Darwin,  if  wo  read  him  ariglit,  assumes 
no  special  tendency  of  organisms  to  give  rise  to  useful 
varieties,  and  knows  notliing  of  needs  of  development, 
or  necessity  of  perfection.  Wliat  he  says  is,  in  sul)- 
stance  :  All  organisms  vary.  It  is  in  the  highest  degree 
improl)al)le  that  any  given  variety  should  have  exactly 
tlie   same   relations   to    surrounding   conditions   as  the 
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piu'ciit  stock.  In  tlijit  cMsc  it  is  citlior  bcttrr  fittc*! 
(wlu'ii  the  vjiriiitjoii  niny  he  railed  useful),  or  \v«»rse 
tilted,  to  eo[)e  with  tlielil.  if  better,  it  will  tiiid  to 
s»i|»i>laiit  the  jjiireiit  stoek  ;  if  worse,  it  will  tend  to  he 
extiii^'uishiMl  liy  the  p;ireiit  stock. 

If  (as  is  hardly  eoiiccivahlc)  the  new  variety  is  so  ])er- 
fectly  adapted  to  the  eoiuhlions  that  no  iniprovenient  U|>oii 
it  is  possihle,^ — it  will  ]»ersist,  hecause,  thoiiiih  it  does 
not  cease  to  vary,  the  varieties  will  he  inferior  to  itself. 

If,  as  is  more  prohal)le,  the  new  variety  is  hy  no 
means  perfectly  adapted  to  its  conditions,  hut  only 
fairly  wn-ll  ada})ted  to  them,  it  will  persist,  so  Ioul;'  as 
none  of  the  varieties  which  it  throws  otf  are  hetter 
aihipted  than  itself. 

On  the  other  hand,  as  so(m  as  it  varies  in  a  useful 
way,  i.e.  when  the  variation  is  such  as  to  adapt  it  m(»re 
])erfectly  to  its  conditions,  the  fresh  variety  will  tend 
to  supplant  the  former. 

So  far  from  a  jjjradiud  progress  towards  perfection 
forming  any  necessary  part  of  the  Darwinian  creed,  it 
appears  to  us  that  it  is  perfectly  consistent  with  indefinite 
]»ersisteiic(^  in  one  state,  or  with  a  gradual  retrogression. 
Sup])0S(',  for  examine,  a  return  of  the  glacial  epoch  and 
a  s])read  of  polar  climatal  conditions  over  the  whole 
glo])e.  The  operation  of  natural  selection  under  these  cir- 
cumstances would  tend,  on  the  whole,  to  the  weeding  out 
of  the  higher  ororanisms  and  the  cherishin<^  of  the  lower 
forms  of  life.  Cryptogamic  vegetation  would  have  the 
advantage  over  Phanerogamic  ;  Ilj/drozoa  over  Corals  ; 
Crustacea  over  lusevfa,  and  Am])hi])oda  and  Isopoda 
over  the  higher  Crustacea  ;  Cetaceans  and  Seals  over 
the  Primates;  the  civilization  of  the  Es(juimaux  over 
that  of  the  European. 

"  5.  Pclzeln  has  also  objected  tliat  if  tlie  later  orgrtiiisms  have 
proceeded  from  the  earlier,  the  whole  develo2)iuental  series,  from  the 
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pimplf'st   to  the  hi^ihest,  could  not  now  oxist;  in  sucli  a  case  the 
simpler  organisms  must  have  disajujcared." 

To  tliis  Trofessor  Kolliker  replies,  with  perfect  justieo, 
tlmt  tljf  eoiiclusioii  <li'ji\vn  'oy  Pelzeln  does  not  really 
follow  fi-om  Darwin's  pi'einises,  jukI  that,  if  we  take  the 
iaets  of  Pa.la'oiit(>lo<ry  as  th(^y  stand,  they  ratlier  support 
than  o])pose  Darwin's  theory. 

"  0.  Clreat  weij^ht  must  ho  attached  to  the  ohjoction  hrought  forward 
l>y  Huxley,  otherwise  a  warm  supporter  of  Diirwin's  hypothesis,  that 
w(;  know  of  no  varieti(;s  whieii  are  sterile  with  one  another,  as  is  the 
rule  among  sliarply  distinguislnnl  animal  forms. 

"If  Dai'win  is  riglit,  it  must  he  demonstratcjd  that  forms  may  he 
produced  hy  selection,  which,  like  th(i  present  sharply  distinguishctl 
animal  forms,  are  ini'ertile  when  coupled  with  one  another,  and  this 
has  not  heen  done." 

'V\w  Aveiiiht  of  this  ohjeetion  is  obvious ;  hut  our 
ioiiorMnce  of  the  conditions  of  fertility  nnd  sterilitv. 
tlui  want  of  cMrcfuily  conducted  experiments  extending 
over  loiio;  serirs  of  venrs,  aiul  the  strano;c  anomalies 
presented  l»y  the  results  of  the  cioss-fertilization  of 
niiiuy  plants,  should  all,  as  J\Ir.  ])Mrwin  has  nr<^ed,  he 
taken  into  account  in  (MJnsiderinuj  it. 

The  seventh  ohj<'ction  is  that  we  have  already  dis- 
cussed {sHprd,  p.  1^21)). 

The  eighth   and  hist  stands  as  follows: — 

*'  S.  The  (hjvelopmental  tlieory  of  Darwin  is  not  needed  to  enabhj  us 
to  untlerstand  the  regular  harmonious  jjrogress  of  the  complete  series 
of  organic  forms  from  the  simpler  to  the  more  perfect. 

"The  existence  of  general  laws  of  Nature  explains  this  harmony, 
even  if  we  assume  that  all  beings  have  arisen  separately  and  inde- 
pend(^nt  of  one  another.  Darwin  forgets  that  inorganic  nature,  in 
which  there  can  be  no  thought  of  a  genetic  connexion  of  forms, 
exhibits  the  same  regular  ])laii,  tlie  same  harmony,  as  the  organic 
woi'ld  ;  and  that,  to  cite  only  one  example,  there  is  as  much  a  natural 
system  of  iuineral;i  as  <.>l'  plant-;  and  aiiiiiials." 

We  do  not  feci  (juitc  sure  that  we  seize  Professor 
Kolliker's  meaning  here,  hut  he  a])pears  to  suggest  that 
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the  observation  of  the  general  order  and  harmony  which 
pervade  inorganie  nature,  would  lead  us  to  anticipate  a 
similar  order  and  harmony  in  the  organic  world.  And 
this  is  no  doubt  true,  but  it  by  no  means  follows  that 
the  T)articular  order  and  harmonv  observed  amonor  them 
should  be  that  which  we  see.  Surely  the  stripes  of  dun 
horses,  and  the  teeth  of  the  foetal  Balania,  are  not  ex- 
plained by  the  *'  existence  of  general  laws  of  Nature.'' 
Mr.  Darwin  endeavours  to  explain  the  exact  order  of 
organic  nature  which  exists ;  not  the  mere  fact  that 
there  is  some  order. 

And  with  regard  to  the  existence  of  a  natural  system 
of  minerals ;  the  obvious  reply  is  that  there  may  be  a 
natural  classification  of  any  ol)jects — of  stones  on  a  sea- 
beach,  or  of  works  of  art ;  a  natural  classifioation  being 
simply  an  assemblage  of  objects  in  groups,  so  as  to 
express  their  most  important  and  fundamental  re- 
semblances and  difierences.  No  doubt  ^Ir.  Darwin  be- 
lieves that  those  resemblances  and  differences  upon 
which  our  natural  systems  or  classifications  of  animals 
and  plants  are  based,  are  reseml)lances  and  differences 
which  have  been  produced  genetically,  but  we  can  dis- 
(iover  no  reason  for  supposing  that  he  denies  the  existence 
of  natural  classifications  of  other  kinds. 

And,  after  all,  is  it  quite  so  certain  that  a  genetic 
relation  may  not  underlie  the  classification  of  minerals  ? 
The  inorganic  world  has  not  always  been  what  we  see 
it.  It  has  certainly  had  its  metamorphoses,  and,  very 
probably,  a  long  "  Entwickelungsgeschichte "  out  of  a 
nebular  blastema.  Who  knows  how  far  that  amount 
of  likeness  among  sets  of  minerals,  ir  virtue  of  which 
they  are  now  grouped  into  fiimilies  and  orders,  may 
not  be  the  expression  of  the  common  conditions  to 
which  that  particular  patch  of  nebulous  fog,  which  may 
have   been   constituted    by  their   atoms,  and  of  which 
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they  may  l)e,  in  the  strictest  sense,  the  descendants,  was 
subjected  ? 

It  will  be  obvious  from  what  has  preceded,  that  we 
do  not  nuree  with  Professor  Kolliker  in  thinkinor  the 
objections  wliich  he  brings  forward  so  weighty  as  to  Ije 
fatal  to  Darwin's  view.  l>ut  even  if  the  case  w^ere  other- 
wise, we  should  be  unaljle  to  accept  the  "  Theory  of 
Heterogeneous  Generation ''  which  is  offered  as  a  sub- 
stitute.    That  theory  is  thus  stated : — 

"  The  fimdamcntal  conception  of  this  liypollie^is  is,  that,  under  the 
influence  of  a  general  huv  of  development,  the  ^'crms  of  organisms 
proiluce  oth.-TS  different  from  themselves.  This  might  happen  (1)  hy 
the  fecundated  ova  passing,  in  the  course  of  their  development,  under 
particular  circumstances,  into  higher  forms  ;  (2)  by  the  primitive  and 
later  organisms  producing  other  organisms  without  fecundation,  out  of 
germs  or  eggs  (Parthenogenesis)." 

In  favour  of  this  hypothesis,  Professor  Kolliker  ad- 
duces the  w^ell-known  facts  of  Acjamocjenesis.  or  "  alter- 
nate  generation  ; "  the  extreme  dissimilarity  of  the 
males  and  females  of  many  animals ;  and  of  the  males, 
females,  and  neuters  of  those  insects  which  live  in 
colonies :  and  he  defines  its  relations  to  the  Darwinian 
theory  as  follows  : — 

"  It  is  obvious  that  my  hypothesis  is  apparently  very  similar  to 
Darwin's,  inasmuch  as  I  also  consider  that  the  various  forms  of 
animals  have  proceeded  directly  from  one  another.  My  hypothesis  of 
tlie  creation  of  organisms  by  heterogeneous  generation,  howe\er,  is 
distinguished  very  essentially  from  \  )arwin's  by  the  entire  absence  of 
the  principle  of  useful  variations  and  their  notural  selection  ;  and  my 
fundamental  conception  is  this,  that  a  great  plan  of  development  lies 
at  the  foundation  of  the  origin  of  the  whole  organic  world,  impelling 
the  simpler  forms  to  more  and  more  complex  developments.  How 
this  law  operates,  what  influences  determine  the  development  of  th(! 
eggs  and  germs,  and  impel  them  to  assume  ■constantly  new  forms,  I 
naturally  cannot  pretend  to  say ;  but  I  can  at  least  adduce  the  great 
analogy  of  the  alternation  of  generations.  If  a  JJijyinntwia,  a  Brachi- 
a/aria,  a  Plnteus,  is  competent  to  })roduce  the  Echinoderm,  which  is 
so  widely  ditlerent  from  it ;  if  a  hydroid  polype  can  produce  the  higher 
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Medusa;  if  tl»e  vermiform  Treniatodc  'nurse'  cmu  develop  within 
itself  the  very  unlike  Ceiraria,  it  will  not  appear  impossible  tlmt  the 
egg,  or  ciliated  embryo,  of  a  sponge,  for  once,  under  sjiccial  conditions, 
might  bi;conie  a  hydroid  polype,  or  the  embryo  of  a  Medusa,  an 
Ecljiuoderm." 

It  is  obvious,  fi'(jm  these  extracts,  that  Pi^jfessor  Kiil- 
Hker's  hy[)0tliesis  is  based  ii})()ii  the  sii[)[»{)SL'd  existence 
of  a  close  analogy  between  the  phcencjnn'iia  of  Aganio- 
genosis  and  the  }>roduction  of  new  .spi'cies  iVoin  pre- 
existing ones.  But  is  the  analogy  a  real  one  I  \\v 
think  that  it  is  not,  and,  by  the  hy[)othe.sis,  cannot  ])e. 

For  what  are  the  pha^nomena  of  xVganiogcnesis,  stated 
generally  ?  An  ini[>regnated  egg  develops  into  ;in 
asexual  form,  A ;  this  gives  rise,  asexually,  to  a  second 
form  or  forms,  B,  more  or  less  different  from  A.  I>  may 
multiply  asexually  again  ;  in  the  simpler  cases,  however, 
it  does  not,  but,  accpiring  sexual  characters,  produces 
impregnated  eggs  from  whence  A  once  more  arises. 

No  case  of  Agamogenesis  is  known  in  which,  ichen  A 
differs  widdy  from  B,  it  is  itself  capal)le  of  sexual 
propagation.  No  case  whatever  is  known  in  which  the 
progeny  of  B,  by  sexual  generation,  is  other  than  a 
reproduction   of  A. 

But  if  tliis  be  a  true  statement  of  the  nature  of  the 
process  of  Agamogenesis,  how  can  it  enabh.'  us  to  com- 
prehend the  production  of  new  species  from  already 
existing  ones  ?  Let  us  suppose  Uyionas  to  have  pre- 
ceded Dou's.  and  to  have  ])roduced  the  latter  in  this 
way.  Then  the  Hya}na  will  represent  A,  and  the  Dog, 
B.  The  first  difficulty  that  present^.,  itself  is  that  the 
IlyDena  must  be  asexual,  or  the  process  will  jjc  wholly 
without  analogy  in  the  worhl  of  Agamogenesis.  Ihit 
passing  over  this  difficultv,  and  su})posing  a  male  and 
female  Dog  to  be  produced  tit  the  stime  time  from  the 
Hytena  stock,  the  progeny  of  the  pidr,  if   the   analogy 


f 


f; 


i; 


fi. 


312 


LAY  SERMONS,  ADDRESSES,  AND  REVIEJrS 


[xiir. 


liil 


'    :». 


of  the  simpler  kinds  of  Aj^nmogenesis^  is  to  be  followed, 
should  be  a  litter,  not  of  puppies,  but  of  young  Hycenas. 
For  the  Agamogenetic  series  is  always,  as  we  have  seen, 
A  :  B  :  A  :  B,  &e. ;  whereas,  for  the  produetion  of  a  new 
species,  the  series  must  be  A  :  B  :  B  :  B,  &e.  The  pro- 
duction of  new  species,  or  genera,  is  the  extreme  perma- 
nent divergence  from  the  primitive  stock.  All  known 
Agamogenetic  processes,  on  the  other  hand,  end  in  a 
complete  return  to  the  primitive  stock.  How  then  is 
the  production  of  new  species  to  l)e  rendered  intelligible 
by  the  analogy  of  Agamogenesis  ? 

The  other  alternative  put  by  Professor  Kolliker — the 
passage  of  fecundated  ova  in  the  course  of  their  develop- 
ment into  higher  forms — would,  if  it  occurred,  be  merely 
an  extreme  case  of  variation  in  the  Darwinian  sense, 
greater  in  degree  than,  but  perfectly  similar  in  kind  to, 
that  Avhich  occurred  when  the  well-known  Ancon  Ram 
was  developed  from  an  ordinary  Ewe's  ovum.  Indeed 
we  have  always  thought  that  JMr.  Darwin  has  unneces- 
sarily hampered  himself  by  adhering  so  strictly  to  his 
favourite  "  Natura  non  facit  saltum."  We  greatly 
suspect  that  she  does  make  considerable  jumps  in 
the  way  of  variation  now  and  tlien,  and  that  these 
saltations  give  rise  to  some  of  the  gaps  which  appear 
to  exist  in  the  series  of  known  forms. 
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1  If,  on  tho  contrary,  we  follow  the  analojxy  of  the  more  complex  forms  of 
Aganiooenesis,  such  as  that  cxhilnted  by  some  Trcmat oda  awdi  ay  the  A^yhuk.-i, 
the  Hya'na  must  produce,  asexuaily,  a  brood  of  asexual  Dogs,  from  which 
other  sexless  Dogs  nuist  proceed.  At  the  ch.l  of  a  certain  number  of  terms 
of  the  series,  the  Dogs  would  acquire  sexes  and  generate  young  ;  but  these 
young  would  be,  not  Dogs,  but  Hya-nas.  In  fact,  we  have  diinonntrated,  in 
Agamogenetic  pha'nomena,that  inevitable  recui'rence  to  the  original  type,  which 
is  assertdf  to  be  true  of  vari.itions  in  general,  by  ]\Ir.  Danvin's  opponents; 
and  which,  if  the  assertion  could  be  clianijed  into  a  demonstration,  would,  in 
fact,  be  fatal  to  his  hypothesis. 
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with  Professor  Kolliker,  we  have  always  done  so  with 
regret,  and  we  trust  without  violating  that  r(.'S})e(;t  which 
is  due,  not  only  to  his  scientific  eminence  and  to  the 
careful  study  which  he  has  devoted  to  the  subject,  but 
to  the  perfect  fairness  of  his  argumentation,  and  the 
generous  appreciation  of  the  worth  of  Mr.  Darwin's 
labours  which  he  always  displays.  It  would  be  satisfac- 
tory to  be  able  to  say  as  much  for  ^I.  Flourens. 

But  the  Perpetual  Secretary  of  the  French  Academy 
of  Sciences  deals  with  ^Ir.  Darwin  as  the  first  Napoleon 
would  have  treated  an  *' idcolooue  ;"  and  while  dis- 
playing a  painful  weakness  of  logic  and  shidlowness  of 
information,  assumes  a  tone  of  authority,  which  always 
touches  upon  the  ludicrous,  and  sometimes  passes  the 
limits  of  ffood  breedino-. 

For  example  (p.  5G)  ; — 

*'  !M.  Darwin  continue  :  '  x\uciine  distinction  absolue  n'a  etc  et  ne 
j)eut  ctre  t'tablie  entre  les  e.-pi'ces  et  les  varietes.'  Je  vous  ai  dcja  dit 
qviG  vous  vous  trompiez ;  une  distinction  absolue  scpare  lea  varietes 
d'avec  les  espcces." 

"  Je  vous  ai  dejd  dlt ;  moi,  M.  le  Secretaire  perpctuel 
de  TAcademie  des  Sciences  :  et  vous 

'Qui  nT'tes  rien, 
Pas  nieuie  Academicicn; ' 

what  do  you  mean  by  asserting  the  contrary  ? "  Being 
devoid  of  the  blessings  of  an  Academy  in  England,  we 
are  unaccustomed  to  see  our  ablest  men  treated  in  this 
fashion  even  by  a  "  Perpetual  Secretary."' 

Or  again,  considering  that  if  there  is  any  one  quality 
of  Mr.  Darwin's  work  to  which  friends  and  foes  have 
alike  borne  witness,  it  is  his  candour  and  fairness  in 
admitting  and  discussing  ol)jections,  ^^'hat  is  to  be 
thought  of  M.  Floui'cns'  assertion,  that 
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"  ^r.  Danviu  ne  cite  (pio  les  auteurs  qui  partngent  ses  opiuioii.s." 
(P.  40.) 

Once  more  (p.  G5)  : 

"  Enfiu  I'ouvrage  de  jNf.  Darwin  a  ])aru.  On  no  pent  qu'rtre  frappi; 
du  talent  de  rauteur.  Main  que  d'iih't's  obscures,  (pie  d'idees  fausses ! 
Quel  jargon  ni(';taphysi([uc  jete  mal  a  propos  dans  I'lustoire  naturellc, 
qui  tonibe  dans  le  galimatias  des  ([u'ello  sort  (^'S  idc'es  claires,  des 
idees  justes !  (^uel  lang'jgo  pretentieux  et  vide  !  (^uellos  personi- 
fications pueriles  et  surannees !  U  lucidite  !  O  solidite  de  Tesprit 
Frau(;ais,  que  devenez-vous  1 " 

"Obscure  ideas,"  "  metaphysical  jargon,"  "pretentious 
and  empty  language,"  "  puerile  and  su[)erannuat('d  per- 
sonifications." Mr.  Darwin  has  mimy  and  hot  opponents 
on  this  side  of  the  Channel  and  in  Germany,  ])ut  we  do 
not  recollect  to  have  found  precisely  tliese  sins  in  the 
long  catalojfTue  of  those  hitherto  laid  to  his  charuje.  It  is 
worth  while,  therefore,  to  examine  into  these  discoveries 
effected  solely  by  the  aid  of  the  "  lucidity  and  solidity  " 
of  the  mind  of  M.  Flourens. 

According  to  M.  Flourens,  Mr.  Darwin's  great  error  is 
that  lie  has  personified  Nature  (p.  10),  and  further  that 
he  has 

"  imagined  a  natural  selection :  he  imagines  afterwards  that  this 
power  of  selecting  [pouvoir  (Vclire)  which  he  gives  to  Nature  is  similar 
to  the  power  of  man.  These  two  suppositions  admitted,  nothing 
stops  him  :  he  plays  with  Nature  as  he  likes,  and  makes  her  do  all 
he  pleases."     (P.  G.) 

And  this  is  the  way  M.  Flourens  extinguishes  natural 
selection : 

"  Voyous  done  encore  une  fois,  ce  qu'il  peut  y  avoir  de  fondo  dans 
ce  qu'on  nomme  election  nahtre/le. 

"  L'ela'tion  natiirelle  n'est  sous  im  autre  nom  quo  la  nature.  Pour 
un  etre  organis(:,  la  nature  n'cst  que  Torganisation,  ni  plus  ni  nioins. 

**  II  faudra  done  aussi  personnitiir  I'on/cndmdon,  et  dire  que 
Vorganlsaiion  ehoisit  Vorfianisation.  Ijdection  ixatnrella  est  cette 
forme  subsi  antic  lie  dont  on  jouait  autrefois  avec  tant  de  faciiite. 
Aristote  disait  que  '  Si  I'art  do  butir  etait  dans  le  bois,  cet  art  agirait 
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commo  la  nature.'  A  la  place  de  Hn-f  Jc  hatlr  ]M.  l)arwin  met 
["election  ndturc/lc,  et  c'est  tout  un  :  I'liii  n'l'st  pas  plus  chimeiique 
(jue  I'autre."     (P.  31.) 

And  this  is  really  all  that  ^I.  Flourons  ran  make  of 
Natural  Si'lection.  We  have  given  the  original,  in  fear 
lest  a  translation  should  be  regarded  as  a  travesty ;  hut 
with  the  original  before  the  reader,  Ave  may  try  to 
analyse  the  }>assage.  "  For  an  organized  being,  Nature 
is  only  organization,  neither  more  nor  kvss." 

Organized  beings  then  liave  absolutely  no  relation  to 
inorganic  nature  :  a  plant  does  not  depend  on  soil  or 
sunshine,  climate,  de})th  in  the  ocean,  height  above  it  ; 
the  quantity  of  saline  matters  in  water  have  no  influence 
upon  animal  life  ;  the  suljstitution  of  carbonic  acid  for 
oxygen  in  our  atmosphere  would  hurt  nobody  1  That 
these  are  absurdities  no  one  should  know  better  than 
M.  Flourens  ;  but  they  are  logical  deductions  from  the 
assertion  just  quoted,  and  from  the  further  statement 
that  natural  selection  means  only  that  "organization 
chooses  and  selects  organization."  •   • 

For  if  it  be  once  admitted  (what  no  sane  man  denies) 
that  the  chances  of  life  of  any  given  organism  are 
increased  by  certain  conditions  (A)  and  diminished  by 
their  oppositcs  (B),  then  it  is  matliematically  certain  that 
any  change  of  conditions  m  the  direction  of  (A)  will 
exercise  a  selective  influence  in  favour  of  that  organism, 
tending  to  its  increase  and  multiplication,  while  any 
change  in  the  direction  of  (B)  will  exercise  a  selective 
influence  against  that  organism,  tending  to  its  decrease 
and  extinction. 

Or,  on  the  other  hand,  conditions  remaining  the  same, 
let  a  given  organism  vary  (and  no  one  douljts  that  they 
do  vary)  in  two  directions  :  into  one  form  (a)  better  fitted 
to  cope  with  these  conditions  than  the  original  stock, 
and  a  second  {h)  less  well  adapted  to  them.     Then  it  is 


!  i 


iv 


'  J  *' 


-  "  *^  -  ^  ■  I  - ' '  *^ iTfrtTirtiY  *"  '  . 


*Ti » J-V-'  /rrr 


316 


Z//r  SERMONS,  ADDRESSES,  AND  REriEirS 


[xui. 


I  !'     J 


ll'l 


t      ,'.' 


no  less  certain  that  the  conditions  in  question  must 
exercise  a  selective  influence  in  favour  of  (d)  and  against 
(h),  so  that  (a)  will  tend  to  predominance,  and  (6)  to 
extir[)jiti()n. 

That  M.  Flour 'lis  should  he  unable  to  perceive  the 
logical  nec(\ssity  of  these;  simple  {trgumcnts,  which  lie  at 
the  foundation  of  all  J\lr.  Darwin's  reasoning ;  that  he 
should  confound  an  irrefragable  deduction  from  the 
observed  relations  of  organisms  to  the  conditions  which 
lie  around  them,  with  a  metaphysical  "  forme  substaii- 
tielle,"  or  a  chimerical  personification  of  the  powers 
of  Nature,  would  be  incredil)le,  were  it  not  that  other 
passages  of  his  work  leave  no  room  for  doubt  upon 
the  subject. 

"  On  imagine  une  t'ledion  naturelle  que,  pour  plus  do  mrnagement, 
on  lue  dit  i-tre  incundcknte,  sans  s'apercevuir  que  le  coutre-seus  litteral 
est  pr6cisonient  la:  election  inconi<citnte"     (P.  52.) 

"J'ai  dt'ja  dit  ce  qu'il  faut  pnnser  do  I'elevtion  mdiireUe.  On 
Vehction  nntnreUe  u'est  rien,  ou  c'est  la  nature :  mais  la  nature  doun; 
(V ('lection,  luais  la  nature  personnitiee :  derniere  erreur  du  dernier 
sicele  :  Le  xix"  ne  fait  plus  do  personnifications."     (P.  53.) 

M.  Flourens  cannot  imagine  an  unconscious  selection 
— it  is  for  him  a  contradiction  in  terms.  Did  M. 
Flourens  ever  visit  one  of  the  prettiest  watering-places 
of  "  la  belle  France,"  the  J  Jaie  d'Arcachon  ?  If  so,  he 
w411  probably  have  passed  through  the  district  of  the 
Landes,  and  will  have  had  an  opportunity  of  ol)serving 
the  formation  of  "  dunes  "  on  a  grand  scale.  What  are 
these  "dunes?"  The  winds  and  waves  of  the  Bay  of 
])iseay  have  not  much  consciousness,  and  yet  they  have 
with  great  care  "selected,"  from  among  an  infinity  of 
masses  of  silex  of  all  shapes  and  sizes,  which  have  been 
sul^mitted  to  their  action,  all  the  grains  of  sand  below  a 
certain  size,  and  have  heaped  them  by  themselves  over 
a  2:reat  ai'ea.  This  sand  has  been  "unconsciouslv 
selected  "  from  amidst  the  oi-avel  in  which  it  first  lav 
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and  (6)  to  I  fiill  ^^  f^ii^'li  selections — of  the  picking  out  of  the  soft 
from  the  h<ird,  of  the  soluble  from  the  iiis(jlubh',  of  the- 
fusible  from  the  infusible,  l)y  natural  ngeneies  to  which 
we  are  certainly  not  in  the  habit  of  ascribing  con- 
sciousness. 

But  that  which  wind  and  sea  arc  to  a  sandy  beach, 
the  Slim  of  influences,  which  we  term  the  "conditions 
of  existence,"  is  to  living  organisms,  'i'lie  weak  arc 
sifted  out  from  the  sti'ong.  A  frosty  night  "  selects  " 
the  hardy  plants  in  a  i)lantation  from  among  the  tender 
ones  as  effi'ctually  as  if  it  were  the  wind,  and  they,  the 
sjind  and  pebbles,  of  our  illustration  ;  or,  on  the  other 
hand,  as  if  the  intelligence  of  a  gardener  had  been 
operative  in  cutting  the  weaker  organisms  down.  The 
thistle,  which  has  sj)read  over  the  Pjimpas,  to  the 
destruction  of  native  plants,  has  been  more  effectually 
"selected"  by  the  unconscious  operation  of  natural  con- 
ditions than  if  a  thousand  agriculturists  liad  spent  their 
time  in  sowing  it. 

It  is  one  of  IMr.  Darwin's  many  great  services  to 
Bioloijical  science  that  he  has  demonstrated  the  siff- 
iiificance  of  these  fiicts.  He  has  shown  that — given 
variation  and  given  change  of  conditions — the  inevitable 
result  is  the  exercise  of  such  an  influence  upon  organisms 
that  one  is  helped  and  another  is  impeded  ;  one  tends 
to  predominate,  another  to  disappear ;  and  thus  the 
living  world  bears  within  itself,  and  is  surrounded  by, 
impulses  towards  incessant  change. 

But  the  truths  just  stated  are  as  certain  as  any  other 
physical  laws,  quite  independently  of  the  truth,  or  false- 
hood, of  the  hypothesis  which  ^Ir.  Darwin  has  Ijased 
upon  them  ;  and  that  ]\I.  Flourens,  missing  the  substance 
and  ffraspiug  at  a  shadow,  should  be  blind  to  the  admi- 
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ral)lo  cxpo.sitioii  of  tliom,  wliidi  ^Ir.  Dnrwiii  Iims  f^dv/n, 
tiiul  sec  iiotliiiii;]^  there  Imt  a  "deniiure  erreiir  du  dernier 
sioe-lc  " — a  lu'i'soiiificiitioii  of  Nature — le;id,s  us  indeed 
to  cry  witli  him  :  "  ( )  hiciditc !  0  sulidite  de  I'esprit 
FrMiienis,   (|U(!   devenez-vous  ?" 

M.  Fhjurens  has,  in  fiiet,  utterly  failed  to  comprehend 
tlie  first  ])rineiples  of  the  doctrine  >v]iieh  h<'  assails  su 
rudely.  His  objections  to  details  are  of  the  old  sort,  so 
battered  and  hackneyed  on  this  side  of  the  Channel,  that 
not  even  a  Quarterly  Reviewer  could  be  induced  to 
pick  them  up  for  tlu^  purpose  of  pelting  ^Ir.  Darwin 
over  again.  We  have  Cuvier  and  the  mummies ;  ^I. 
Houlin  and  the  domesti coated  animals  of  America  ;  the 
difHculties  presented  l)y  hybridism  and  by  Palaeontology ; 
Darwinisin  a  rlfacciamoito  of  De  Maillet  and  Lamarck; 
Darwinism  a  system  without  a  commencement,  and  its 
author  bound  to  believe  in  ^l.  Pouchet,  &c.  &c.  How 
one  knows  it  all  by  heart,  and  with  what  relief  one  reads 

at  p.  Gf) — 

*'  Je  laisse  M.  Darwin  !  " 

l>ut  we  cannot  leave  ^I.  Flourens  without  calling  our 
readers'  attention  to  his  wonderful  tenth  cha])ter,  "  De 
la  Preexistence  des  Germcs  et  de  rEpigenuf-e,"  whicli 
opens  thus : — 

"  Spontaneous  generation  is  only  a  cliini.'rra.  This  point  csta- 
Wislied,  two  hypotheses  remain  :  tliat  of  pre-exhfoio'  aiul  that  of 
epigenesis.  The  one  of  those  liypotheses  has  as  little  foundation  as 
the  other."     (P.  163.) 

"  The  doctrine  of  epigcneaifi  is  derived  from  Harvey  :  followiii<^'  hy 
ocular  inspection  the  develoj^nicnt  of  the  new  heing  in  the  "Windsor 
does,  he  saw  each  part  apjioar  wsuccessively,  and  takiiiL,'  the  inonieiit 
of  appearance  for  the  moment  of  formation  he  imagined  epif/euesis." 
(r.  105.) 

On  the  contrary,  says  ^I.  Flourens  (p.  1G7), 

"The  new  being  is  formed  at  a  stroke  {tout  cVun  conp),  as  a  whole, 
instantaneously  ;  it  is  not  formed  part  by  part,  and  at  dillerent  times. 
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It  is  formed  at  onco  ;  it  is  formed  at  the  sin^h;  iwVulilintl  moment 
at  which  the  conjunction   of   the  nmlv    and    female  elements  takes 


place. 


It  will  1)0  olhserved  that  ^f.  Fhmrens  uses  lan^uaixe 
which  cannot  be  mistaken.  Tor  him,  the  lal)ours  of  N'on 
iJaer,  of  JIathke,  of  (\)ste,  and  tlieir  contemporaries  and 
successors  in  (Jermany,  France,  and  England,  are  non- 
existent ;  and,  as  Dai'win  ''iiit<(</iita"  natural  sehMtion,  so 
Harvey  ^''nnn(jinn"  that  doctrine  which  gives  him  an  even 
greater  claim  to  the  veneration  of  posterity  than  his 
better  known  discovery  of  the  circulation  of  the  blood. 

Language  such  as  that  we  have  quotinl  is,  in  fact,  so 
prepo.sterous,  so  utterly  incompatible  with  anything  but 
absolute  ignorance  of  some  of  the  best  established  facts, 
that  we  should  have  i)assed  it  over  in  silence  had  it  not 
appeared  to  afford  some  clue  to  ^L  Flourens'  unhtsitating, 
a  priori  J  repudiation  of  all  forms  of  the  doctrine  of  the 
prom-essive  modification  of  livini;  bein<Ts.  He  whose 
mind  remains  uninfluenced  by  an  accjuaintance  with  the 
})ha3nomena  of  development,  must  indeed  lack  one  of  the 
ehief  motives  towards  the  endeavour  to  trace  a  genetic 
relation  between  the  ditlereut  existing  forms  of  life. 
Those  who  are  ignorant  of  (Geology,  find  no  difficulty  in 
Ijelieving  that  the  Avorld  was  made  as  it  is  ;  and  tlie 
shepherd,  untutored  in  history,  sees  no  reason  to  regard 
the  ^reen  mounds  whicli  indicate  the  site  of  a  Itoman 
camp,  as  aught  but  ])ait  and  parcel  of  the  pi-inueval 
liill-side.  So  j\L  Flourens,  wIkj  believes  that  end)ryos 
are  formed  "tout  d'i;n  eoup,"  naturally  finds  no  difficulty 
in  conceiving  that  species  came  into  existence  in  the 
same  way. 
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It  lijis  been  well  said  tluit  "  all  the  tliouglits  of  men, 
from  the  bci^iiiiiiii^i^  of  the  woi'ld  until  now,  are  linked 
t()L!;('tlier  into  one  j^rcat  eliain  ; "  but  the  (lonception  of 
the  intellectual  filiation  of  mankind  which  in  exi^'essed 
hi  these  words  may,  perha[)S,  be  more  fitly  shadowed 
forth  by  a  different  metaphor.  The  thoughts  of  men 
seem  rather  to  be  eomparablc  to  the  leaves,  flowers,  tlnd 
fruit  upon  the  innumerable  branches  of  a  few  great  stems, 
fed  by  commingled  and  hidden  roots.  Thesi;  stems  bear 
the  names  of  the  half-a-dozen  men,  endowed  with  intel- 
lects of  heroic  force  and  clearnc^ss,  to  whom  we  are  led, 
at  whatever  point  of  the  world  of  thought  the  attempt 
to  trace  its  history  commences  ;  just  as  certainly  as  the 
following  up  the  small  twigs  of  a  tree  to  the  branchlets 
which  bear  them,  and  , tracing  the  branchlets  to  their 
suppcH'ting  branches,  brings  us,  sooner  or  later,  to  the 
bole. 

It  seems  to  me  that  the  thinker  who,  more  than  any 
other,  stands  in  the  relation  of  such  a  stem  towards  the 
philosophy  and  the  science  of  the  modern  world  is  Eene 
Descartes.     I  mean,  that  if  you  lay  hold  of  any  charac- 
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tcristic  ])n)duct  of  niodern  ways  ijf  thiid<ing,  either  iii 
the  region  (jf  phih)S(>phy,  or  in  that  of  science,  you  find 
the  spirit  of  that  thougiit,  if  not  its  form,  to  have  heeu 
[(I'c.seiit  in  the  mind  of  tlic  great  h'l'cnchman. 

There  are  .some  men  who  are  counted  great  because 
they  re[>rcsent  the  actuality  of  their  own  age,  and  mirror 
it  as  it  is.  Such  an  (Uie  was  N'oltaire,  of  whom  it  was 
i[)igrammaticnllysaid,"he  expressed  everybody's  thoughts 
hotter  thau  anybody.''^  IJut  then*  arc  other  men  who 
;ittain  greatness  because  they  endxxly  the  potentiality  of 
their  own  day,  and  magically  reflect  the  future.  Tiiey 
i'Xl)ress  the  thoughts  which  will  be  everybody's  two 
or  three  centuries  after  them.  Such  an  one  was 
Descartes. 

Born,  in  l.'ilX),  neaily  three  hundred  years  ago,  of  a 
noble  family  in  'J'oiiraine,  K(!ne  Descartes  grew  up  into  a 
sickly  Jind  diminutive  (thihl,  whose  keen  wit  soon  gained 
ijim  that  title  of  "the  riiilosoidier,"  which,  in  the  mouths 
of  his  noble  kinsmen,  was  more  than  half  a  reproach. 
The  best  schoolmasters  oJL  the  day,  the  Jesuits,  educated 
liini  as  well  as  a  French  boy  of  the  seventeenth  century 
could  be  educated.  iViid  they  must  have  done  th(nr 
work  honestly  and  well,  for,  before  his  schoolboy  days 
w^ere  over,  he  had  discovered  that  the  most  of  what  he 
had  learned,  except  in  mathematics,  was  devoid  of  solid 
ud  real  value. 


((' 


Therefore,"  says  lu',  in  tliat  "Discourse  "^  which  I  have  taken  for 
my  text,  "  as  soon  as  I  was  old  enough  to  be  set  free  from  the  govern- 
ment of  my  teachers,  I  entirely  forsook  the  study  of  letters  ;  and 
determining  to  seek  no  other  knowledge  than  that  which  I  could 
discover  within  myself,  or  in  the  great  bduk  of  the  world,  I  spent  the 
remainder  of  my  youth  in  travelling  ;  in  seeing  cuurts  and  armies  ;  in 
the  society  of  people  of  ditl'erent  humours  and  conditions;  in  gathering 


^  I  forget  who  it  was  said  of  him  :  "  II  a  plus  (pie  personne  I'esprit  que  tout 
le  mnn<le  a." 

^  "  Discours  dc  la  Methode  pour  bien  conduire  sa  Raison  et  chercher  la 
VtTite  dans  les  Sciences. 
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varied  ex pcrionce  ;  in  testing  iiiyself  by  the  cliances  of  fortune  ;  and 
in  always  tiyiii^'  to  ]irofit  Ity  my  rulloctions  on  what  liapponed.  .  .  . 
And  1  always  had  an  intense  desire  to  learn  how  to  distinguish  truth 
from  falsehood,  in  order  to  be  clear  about  my  actions,  and  to  walk 
surefootedly  in  this  life." 

But  ''leani  what  is  true,  in  order  to  do  wluit  is  riixlit," 
is  tilt'  surnmiiig  up  of  tiie  whole  duty  of  man,  for  all 
who  are  unable  to  satisfy  their  mental  hunger  with  the 
east  wind  of  authority;  and  to  those  of  us  modems  who 
are  in  this  position,  it  is  one  of  Descartes'  great  claims  to 
our  reverence  as  a  spiritual  ancestor,  that,  at  three-and- 
twenty,  he  saw  clearly  that  this  was  his  duty,  and  acted 
up  to  his  conviction.  At  two-and-thiity,  in  fact,  findiui: 
all  other  occupations  incompatii)le  witli  the  search  after 
the  knowledge  whicli  leads  t(^  action,  and  l»eing  possessed 
of  a  modest  com|)etenc(',  he  withdrew  into  Holland : 
where  he  spent  niix*  vears  iii  learninff;  and  thinkino-  i] 
such  retirement  thai  only  one  (tr  two  trusted  friends 
knew  of  his  whereabouts,  ^ 

In  1()37  the  firstfruits  of  these  long  meditations  wen 
ffiven  to  the  w^orld  in  the  famous  "  Discourse  touching' 
the  Method  of  usino-  Reason  riohtlv  and  of  seeking 
scientific  Truth,"  which,  at  once  an  autobiugraphy  and  ;i 
])hiloso})hy,  clothes  the  deepest  thought  in  language  ol 
ex([uisite  harmony,  simplicity,  and  clearness. 

The  central  ]»ropositions  of  the  whole  "Discourse  "  an 
these.  There  is  a  ])ath  that  leads  to  truth  so  surely,  that 
any  one  who  will  follow  it  must  needs  reach  the  goal 
whether  his  (capacity  be  great  or  small.  And  there  is  out 
guiding  rule  by  which  a  man  may  always  find  this  patL 
and  keep  himself  from  stiaying  when  he  has  found  it 
This  golden  rule  is — give  un(|nalified  assent  to  no  pro 
})ositions  but  those  the  truth  of  whicli  is  so  clear  anc 
distinct  thai  they  cannot  be  doubted. 

The  enunciation  of  this  great  lirst  commandment  o 
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science  consecrated  Douht.  Tt  removed  Douht  from  the 
seat  of  penance  among  the  grievous  sins  to  which  it  liad 
long  been  condemiKnl,  and  enthroned  it  in  that  high  place 
among  the  primary  duties,  which  is  assigned  to  it  by  the 
scientific  conscieiK-e  of  these  latter  days.  Descartes  was 
the  first  among  the  moderns  to  obey  this  comniandnieiU 
deliberatelv  ;  and,  jus  a  matter  of  rehu:ious  dutv,  to  strip 
off  all  his  lu'liefs  and  reduce  himself  to  a  state  of  intel- 
lectual nakedness,  until  such  time  as  he  could  satisfy 
himself  wliich  were  fit  to  be  worn,  fie  thought  a  bare 
skin  healtliier  than  the  UKjst  respectab^le  and  well-cut 
clothing  of  what  might,  possil,»ly,  be  mere  shoddy. 

When  I  say  that  Descartes  consecrated  doubt,  you  must 
remember  that  it  was  that  sort  of  doubt  which  (Toethe 
has  called  "the  active  scepticism,  whose  whole  aim  is  to 
conquer  itself ;"  ^  and  not  that  other  sort  which  is  born 
of  flippancy  and  ignorance,  and  whose  aim  is  only  to 
perpetuate  itself,  as  an  excuse  for  idleness  and  indifler- 
euce.  But  it  is  impossible  to  define  what  is  meant  by 
scientific  doubt  better  than  in  Descartes'  own  words. 
After  describing  the  gradual  progress  of  his  negative 
criticism,  he  tells  us  : — 

-'  For  all  that,  I  did  not  imitate  tlic  sceptics,  wlio  douht  only  for 
doubting's  sake,  and  pretend  to  he  always  uiulecidi;d;  on  the  contrary, 
my  whole  intention  was  to  arrive  at  certainty,  and  to  ili<,'  away  the 
drift  and  the  sand  until  I  reached  the  roi;k  or  the  clay  hcneath." 

And  further,  since  no  man  of  common  sjiise,  when, 
lie  pulls  down  his  house  for  the  [)ur|)()St'  of  rcbuiMing  if, 
fails  to  provide  himself  with  sonui  sludter  whihj  the  work 
is  in  progress  ;  so,  before  demolishing  the  spacious,  if  not 
comtnodious,  mansion  of  hisohl  beliefs,  Descartes  tliou'-lit 
it  wise  to  <'quip  himself  with  what  he  calls  '*  unc  morale 
[Kir   provision,"    by    which    he   resolved    to   i^overn    his 

^  "Eiiie  thiitiji'c  Skcjjsi.s  ist  die,  ^v('lclle  unahlii.sslLr  beiaiilit  i-^t  sich  hcllist 
z'l  iibcrwindon,  und  (lurch  LrorcLrc'o'  Mrfalirun;;  zii  ciner  Art  mii  l'c(liii.;t(';' 
Zuvt'rla.s>igkeit  zii  ^'•■laiiLicii/' — Maxiin'n  xduI  Il^Jli,  iuiii  h,  7'"  Abti;eilinig. 
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]i>ractical  lifo  until  such  time  as  ho  shouhl  lie  bettor 
instructed.  Tho  hiws  of  tliis  "  provisional  solf-govorn- 
mont"  are  enil)odiod  in  four  ninxinis,  of  \vi)ich  ono  ])ii\ds 
our  philosopher  to  submit  himself  t(^  the  laws  and  I'oligion 
inwliich  ho  was  In-ought  up;  anoth 'r,  ro  act,  on  all  those 
occasions  which  call  for  ai^tion,  promptly  and  according 
to  the  best  of  his  judgment,  and  to  abide,  without 
repining,  by  the  result:  a  third  rule  is  to  seek  happines.^ 
in  limiting  his  desires,  rather  than  in  attem])ting  to  satisfy 
them ;  while  the  hist  is  to  make  the  search  after  truth 
the  ))usiiiess  of  his  life. 

Thus  prepared  to  go  on  living  Avliile  he  doubted, 
Descartes  proceeded  to  face  his  doubts  like  a  man.  One 
thino-  was  clear  to  him,  ho  would  not  lie  to  himself — 
would,  under  no  penalties,  say,  "1  am  sure"  of  that  of 
which  he  was  not  sure  ;  but  would  go  on  digging  and 
delving  until  he  came  to  tho  solid  adamant  ;  or,  at  worst, 
made  sure  there  was  no  adamant.  As  the  record  of  hi© 
progress  tells  us,  he  was  obliged  to  confess  that  life  is  full 
of  delusions  ;  that  authority  may  err  ;  that  testimony 
may  be  false  or  mistaken  ;  that  reason  lands  us  in  end- 
less ftillacies ;  that  memory  is  often  as  little  trustw^orthy 
as  hope  ;  that  the  evidence  of  tho  very  senses  may  be 
misunderstood  ;  that  dreams  are  real  as  long  as  they  last, 
and  that  what  we  call  reality  may  bo  a  long  and  restless 
dream.  Nay,  it  is  conceivable  that  some  powerful  and 
malicious  being  may  find  his  pleasure  in  deluding  us,  and 
in  making  us  l)eliovo  the  thing  which  is  not,  every  moment 
of  our  lives.  What,  then,  is  certain  ?  AVliat  even,  if 
such  a  being  exists,  is  beyond  the  reach  of  his  powers  of 
delusion?  AVhy,  the  f[ict  that  the  thought,  the  present 
consciousness,  exists.  Our  thoughts  may  bo  delusive, 
l)ut  they  cannot  be  fictitious.  As  thoughts,  they  are 
real  and  existent,  and  the  cleverest  deceiver  cannot 
make  them  otherwise. 
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Thus,  thought  is  existence,  ^lore  tlian  that,  so  far  as 
we  are  concerned,  existencte  is  tiiought,  all  our  concep- 
tions of  existence  being  some  kind  or  other  of  tiiought. 
Do  not  for  a  moment  suppose  that  tliese  are  mere 
paradoxes  or  subtleties.  A  little  reflection  upon  the 
commonest  facts  proves  them  ^o  be  irrefragable  truths. 
For  example,  I  take  up  a  marble,  and  1  find  it  to  be 
a  red,  round,  hard,  single  body.  We  call  the  redness, 
th<3  roundness,  the  hardness,  and  the  singleness,  "ipiali- 
tie-* "  of  the  marble  ;  and  it  sounds,  at  first,  the  height  of 
cabsurdity  to  say  that  all  these  qualities  are  nunles  of  our 
own  consciousness,  which  caniKjt  even  l)e  conceived  to 
exist  in  the  marble.  VaxX  consider  the  redness,  to  bes^in 
with.  How  does  the  sensation  of  redness  arise?  Tlie 
waves  of  a  certain  very  attenuated  matter,  the  particles 
of  which  are  vibrating  with  vast  ra})idity,  but  with  very 
different  velocities,  strike  upon  the  marble,  and  those 
which  vibrate  with  one  particular  velocity  are  tlirown  off 
from  its  surface  in  all  directions.  The  o[)tical  apparatus 
of  the  eye  gathers  somo  of  tliese  together,  and  gives  tliein 
such  a  course  that  they  impinge  upon  the  surface  of  the 
retina,  which  is  a  singularly  delicate  ap[)aratus,  connected 
with  the  termination  of  the  fibres  of  th(3  o})tic  nerve. 
The  impulses  of  the  attenuated  matter,  or  ether,  affect 
this  ap|)aratus  and  the  fibres  of  the  optic  nerve  in  a 
certain  way  ;  and  the  change  in  the  fibres  of  the  o})ti<! 
nerve  produces  yet  other  changes  in  the  brain  ;  and 
tliese,  m  some  fashion  unknown  to  us,  give  rise  to  the 
feeling,  or  consciousness,  of  redness.  If  the  mavble 
could  remain  unchano;ed,  and  either  the  rate  of  vibiation 
of  the  ether,  or  tlie  nature  of  the  retina,  could  be  altered, 
the  marble  would  seem  not  red,  but  some  other  colour. 
There  are  many  people  who  are  what  are  called  colour- 
blind, beino-  unable  to  distinouish  one  colour  from 
another.     Such  an  one  mio-ht  declare  our  marble  to  be 
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<^\w\\  ;  and  he  would  he  quite  as  right  in  raying  that  it 
is  green,  as  we  are  in  declaring  it  to  he  red.  But  then, 
as  the  iniirl)le  eannot,  in  itself,  be  hoth  green  and  red,  at 
the  same  time,  this  shows  tliat  the  quality  "redness" 
must  he  in  our  consciousness  and  not  in  the  marhle. 

In  like  maimer,  it  is  easy  to  see  that  the  roundness  and 
the  hai'diiess  are  forms  of  our  consciousness,  belonging 
to  the  groups  which  we  call  sensations  of  sight  and 
touch.  If  tlie  surface  of  the  cornea  were  cylindrical,  Ave 
,  should  have  a  very  different  notion  of  a  round  body 
'  from  that  which  we  possess  now ;  and  if  the  strength  uf 
the  fabric,  and  the  force  of  the  muscles,  of  the  body  were 
increased  a  hundredfold,  our  marble  would  seem  to  be  as 
soft  as  a  ])ellet  of  bread  crumbs. 

Not  only  is  it  obvious  that  all  these  qualities  are  in  us, 
but,  if  you  will  make  tlie  attempt,  you  will  find  it  quite 
imjH)ssibl(' to  conceive  of  "  blueness,"  "roundness,"  and 
"hai'dness"  as  existing  without  reference  to  some  such 
<'ons<'iousness  as  our  own.  It  may  seem  strange  to  say 
tliat  even  the  "  singleness  "  of  the  marble  is  relative  to  us ; 
but  extremely  simple  exjDcriments  will  show  that  such  is 
veritably  the  case,  and  that  our  two  most  trustwortliy 
senses  may  be  made  to  contradict  one  another  on  this 
very  point.  Hold  the  marble  between  the  finger  and 
thumb,  and  look  at  it  in  the  ordinary  way.  Sight  and 
touch  agree  that  it  is  single.  Now  squint,  and  sight 
tells  you  that  there  are  two  marbles,  Avhile  touch  asserts 
that  there  is  only  one.  Next,  return  tlie  eyes  to  their 
natural  position,  and,  having  crossed  the  forefinger  and 
the  middle  finger,  put  the  marble  betAveen  their  tips. 
Then  touch  Avill  declare  that  there  are  tAvo  marbles,  Avhile 
sight  says  that  there  is  oidy  one  ;  and  touch  claims  our 
/  Ix'lief,  Avhen  Ave  attend  to  it,  just  as  imperatively  as 
sight  docs. 

Hut  it  may  be  said,  the  marble  takes  up  a  certain 
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.space  which  could  not  be  occupied,  at  the  same  time,  by 
anything  else.  In  other  words,  the  marljl(;  lias  the 
primary  (piality  of  matter,  extension.  Surely  this  cjuality 
mu.st  be  in  the  thinir,  and  not  in  rmr  minds  '{  But  the 
reply  must  still  be  ;  whatever  may,  or  may  not,  exist  in  the 
thing,  all  that  we  can  know  of  those  (jualitios  is  a  state  of 
consciousness.  What  we  call  extension  is  a  consciousness  | 
of  a  relation  between  two,  or  more,  afiections  of  the 
sense  of  sight,  or  of  touch.  And  it  is  wholly  incon- 
ceivable that  what  we  call  extension  should  exist  inde-  » 
pendently  of  such  consciousness  as  our  own.  \\  hetlier, 
notwithstanding  this  inconceivability,  it  does  so  exist,  or 
not,  is  a  point  on  which  I  offer  no  o])inion. 

Thus,  whatever  our  marble  may  l)e  in  itself,  all  that 
we  can  know  of  it  is  under  the  shape  of  a  bundle  of  our 
own  consciousnesses. 

Nor  is  our  knowLHlge  of  anything  we  know  or  fool 
more,  or  less,  than  a  knowledge  of  states  of  consciousness. 
And  our  whole  life  is  made  up  of  such  states.     Some  ot 
these  states  we  refer  to  a  cause  we  call  "  self ; "  others  to 
a  cause  or  causes  which  may  be  comprehended  under 
the  title  of   "not-self."     But  neither  of  the  existence  of 
'  self,"  nor  of  that  of  ''  not-self,"  have  we,  or  can  we  by 
any  possibility  have,  any  su(di  unquestionable  and  im- 
mediate certainty  as  we  have  of  the  states  of  conscious- 
ness which  we  consider  to  be  their  effects.     They  are  not 
immediately  observed  facts,  but  results  of  the  application 
of  the  law  of  causation  to  those  facts.     Strictly  speaking, 
the  existence  of  a  "  self"  and  of  a  "not-self"   are  hypo- 
theses by  which  we  account  for  the  facts  of  consciousness. 
They  stand  upon  the  same  footing  as  the   belief  in  the 
general  trustworthiness  of  memory,  and  in  the  general 
'  constancy    of   the    order   of    nature  —  as   hypothetical 
assumptions  which  cannot  be   proved,    or  known  with 
that  highest  degree  of  certainty  which  is  given  by  im- 
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mediate  consciousness  ;  but  which,  nevertheless,  are  of 
the  liighest  practical  value,  inasmuch  as  the  conclu- 
sions logically  drawn  from  them  are  always  verified 
hy  experience. 

This,  in  my  judgment,  is  the  ultimate  issue  of  Descartes' 
argument ;  but  it  is  proper  for  me  to  point  out  that  we 
have  left  Descartes  himself  some  way  behind  us.  He 
stopped  at  the  famous  formula,  "  I  think,  therefore  1  am." 
But  a  little  consideration  will  show  this  formula  to  be 
full  of  snares  and  verbal  entanglements.  In  the  first 
place,  the  "therefore"  has  no  business  there.  The  "I 
am"  is  assumed  in  the  "  I  think,"  which  is  simply  another 
way  of  saying  "I  am  thinking."  And,  in  the  second 
place,  "  I  think  "  is  not  one  simple  proposition,  but  three 
distinct  assertions  rolled  into  one.  The  first  of  these  is, 
"something  called  I  exists  ;"  the  second  is,  "  something 
called  thought  exists;"  and  the  third  is,  "  the  thought  is 
the  result  of  the  action  of  the  I." 

Now,  it  will  be  obvious  to  you,  that  the  only  one  of 
these  three  propositions  which  can  stand  the  L-artesian 
test  of  certainty  is  the  second.  It  cannot  be  doubted, 
for  the  very  doubt  is  an  existent  thought.  But  the  first 
and  third,  whether  true  or  not,  may  be  doubted,  and 
have  been  doubted.  For  the  assertor  may  be  asked, 
How  do  you  know  that  thought  is  not  self-existent ;  or 
that  a  given  thought  is  not  the  effect  of  its  antecedent 
thought,  or  of  some  external  power  \  And  a  diversity  of 
other  questions,  much  more  easily  put  than  answ^ered. 
Descartes,  determined  as  he  was  to  strip  off  all  the  gar- 
ments which  the  intellect  weaves  for  itself,  forgot  this 
gossamer  shirt  of  the  "self;"  to  the  great  detriment, 
and  indeed  ruin,  of  his  toilet  when  he  began  to  clothe 
himself  again. 

But  it  is  beside  my  purpose  to  dwell  upon  the  minor 
peculiarities  of  the  Cartesian  philosophy.     All  I  wish  to 


rwrs. 


[xiv. 


rtlioloss,  are  of 
as  the  conclu- 
ilway.s   verified 

ue  of  Descartes' 
lit  out  that  we 
eliiiul  us.  He 
therefore  1  am." 

formula  to  be 
i.  In  the  first 
there.  The  "I 
simply  another 

in  the  second 
ition,  but  three 
rst  of  these  is, 
is,  "  something 
'  the  thought  is 

the  only  one  of 
1  the  Oartesian 
ot  be  doubted, 
But  the  first 
doubted,  and 
nay  be  asked, 
elf-existent ;  or 
its  antecedent 
a  diversity  of 
han  answered, 
off  all  the  gar- 
elf,  forgot  this 
eat  detriment, 
egan  to  clothe 

pon  the  minor 
All  I  wish  to 


3 


XIV.] 


OX  DESCAliTES'  "  DISCOVRSi::' 


329 


put  clearly  before  your  minds  thus  far,  is  that  Descartes, 
having  commenced  l)y  declaring  doul)t  to  Ix'  a  duty, 
found  certainty  in  consciousness  alone  ;  and  tliat  the 
necessary  outcome  of  his  views  is  what  may  pi'ci|ierly  ])c 
termed  Idealism ;  namely,  the  doctrine,  that,  whatever 
the  universe  may  l)e,  all  we  can  know  of  it  is  the  [)ieture 
presented  to  us  by  consciousness.  This  j)ieture  may  be 
a  true  likeness — though  how  this  can  l)e  is  inconceiv- 
able ;  or  it  may  have  no  more  resemblance  to  its  cause 
than  one  of  Bach's  fugues  has  to  the  })erson  who  is 
playing  it ;  or  than  a  piece  of  poetry  has  to  the  mouth 
and  lips  of  a  reciter.  It  is  enough  for  all  the  practical 
purposes  of  human  existence  if  we  find  that  our  trust  in 
the  representations  of  consciousness  is  verified  by  results  ; 
and  that,  by  their  help,  we  are  enabled  "  to  walk  sure- 
footedly  in  this  life." 

Thus  the  method,  or  path  which  leads  t<^  truth,  indi- 
cated by  Descartes,  takes  us  straight  to  the  Critical 
Idealism  of  his  great  successor  Kant.  It  is  that  Idealism 
which  declares  the  ultimate  fact  of  all  knowledge  to  be  a 
consciousn(?ss,  or,  in  other  words,  a  mental  j)htt)nomenon  ; 
and  therefore  affirms  the  highest  of  all  certainties,  and 
indeed  the  only  absolute  certainty,  to  be  the  existence  of 
mind.  But  it  is  also  that  Idealism  which  refuses  to 
make  any  assertions,  either  positive  or  negative,  as  to 
what  lies  beyond  consciousness.  It  accuses  the  subtle 
Berkeley  of  stepping  beyond  the  limits  of  knowledge 
when  he  declared  that  a  substance  of  matter  does  not 
exist ;  and  of  illogicality,  for  not  seeing  that  the  ar- 
guments which  he  supposed,  demolished  the  existence 
of  matter  were  equally  destructive  to  the  existence 
of  soul.  And  it  refuses  to  listen  to  the  jnrgon  of 
more  recent  days  about  the  "  Absolute,"  and  all  the 
other  hypostatized  adjectives,  the  initial  letters  of 
the  names  of  which   are   generally   printed  in    capital 
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letters  ;  just  as  j'ou  give  ji  Crenadier  a  l>earskin  eap,  to 
make  him  look  more  formidable  than  he  is  by  nature. 

I  repeat,  th<'  path  indicated  and  followed  by  Deseartos 
vvhieh  we  hav(;  hitherto  been  ti'eading,  leads  through 
doubt  to  that  ciitieal  Idealism  which  lies  at  the  heart 
of  modern  meta[)hysical  thought.  liut  the  "Discourse" 
shows  us  another,  and  apparently  very  different,  path, 
which  leads,  (piitc  as  definitely,  to  that  correhition  of  all 
the  ])hfenomena,  of  the  universe  with  matter  and  motion, 
which  lies  at  the  heart  of  modern  physical  thought,  and 
whicji  most  ](eo])l(!  call  Materialism. 

The  early  part  of  the  seventeenth  century,  wlien  Des- 
cartes r'jaclied  maidiood,  is  one  of  tin;  great  epochs  of  the 
intellectual  life  of  mankind.  At  that  time,  physical 
scienc<,'  suddenly  strode  iiito  the  arena  of  public  and 
familiar  thought,  and  openly  challenged,  not  only  Philo- 
sophy and  the  Church,  but  that  common  ignorance 
which  passes  by  the  n^ime  of  Common  Sense,  llie  asser- 
tion <jf  th(^.  motion  of  the  earth  was  a  defiance  to  all 
three,  and  Physi(tal  Science  threw  down  her  glove  by  the 
h:uid  of  Calileo. 

It  is  not  pleasant  to  think  of  the  immediate  result  of 
the  coml)at ;  to  see  the  champion  of  science,  old,  worn, 
and  on  his  knees  before  the  Cardinal  Inquisitor,  signing 
his  name  to  what  he  knew  to  be  a  lie.  And,  no  doubt, 
the  Cardinals  rubbed  their  hands  as  they  thought  how 
well  they  \\iA  silenced  and  discredited  their  adversary. 
But  two  hundred  years  have  passed,  and  however  feeble 
or  faulty  her  soldiers,  I'hysical  Sci  jnce  sits  crowned  and 
enthroned  as  one  of  the  IcGfitimate  riders  of  the  world 
of  thouoht.  Charitv  children  would  be  ashamed  not  to 
know  that  the  earth  movTS  ;  while  the  Schoolmen  are 
forgotten  ;  and  the  Cardinals — well,  the  Cardinals  are  at 
the  G^]cumenic[d  Council,  still  at  their  old  business  of 
trying  to  stop  the  movement  of  the  world. 
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As  a  ship,  which  having  lain  becalmed  with  every 
stitch  of  canvas  se-t,  l)ounds  away  Ix'ton;  the  l)r('cze 
which  springs  up  astern,  so  the  mind  <»f  Descartes,  poised 
in  equiUbrium  of  dnubt,  not  only  yielded  to  the  full  force 
of  the  impulsL'  towards  physical  science  and  jihysical 
ways  of  thought,  given  by  his  great  contemporaries, 
Galileo  and  Harvey,  l)Ut  shot  beyond  them;  and  antici- 
pated, ])y  l>()ld  spe(;ulation,  the  conclusions,  which  could 
only  be  i>laced  upon  a.  secure  foundation  by  the  hd»ours 
of  generations  of  workers. 

Descartes  saw  that  the  dis<;ovei'ies  of  Galileo  meant 
that  the  remotest  parts  of  the  universe  were  governed  by 
mechanical  laws;  while  those  of  Jlarvey  meant  that  the 
same  Liws  ]>resided  over  the  opeiations  of  that  portion  of 
the  worhl  which  is  nearest  to  us,  namely,  our  own  bodily 
frame.  And  crossiiiix  the  interval  Ixlween  the  centre 
and  its  vast  ciicumfercnce  l^y  one  of  the  gn-at  strides  of 
genius,  Descartes  sought  to  resolve  all  the  phienomena  of 
the  universe  into  matter  and  motion,  or  forces  o})erating 
according  to  law.^  This  grand  conception,  which  is 
sketched  in  the  "  Discours,"  and  more  fully  developed 
in  the  "Principes"  and  in  the  "Traito  de  rilomme,'  he 
worked  out  with  extraordinary  }ioA\-er  and  knowledge  ; 
and  with  the  efi'ect  of  arriving,  in  the  last-named  essay, 
at  that  purely  mechanical  view  of  vital  phtenomena 
towards  Avhich  modern  physiology  is  striving. 

Let  us  try  to  understand  how  Descartes  got  into  this 
path,  and  why  it  led  him  where  it  did.  The  mechanism 
of  the  circulation  of  the  blood  had  evidently  taken  a 
great  hold  of  his  mind,  as  he  describ(;s  it  several  times, 
at  much  length.     After  giving  a  full  account  of  it  in  the 

1  "  All  milieu  de  toutes  ses  erreurs,  il  ne  faut  })as  mecomiuitre  uiio  <;raiicle 
idee,  qui  consiste  a  avoir  tc-'t''  })our  la  i)reniiere  luis  de  raiiicner  tous  les 
pbeiionienes  uaturels  a  iietve  ([u"un  simple  dt-vellniipement  des  lois  de  la 
mecanique,"  is  the  \vei,ulity  jiidifment  of  iJiot,  cited  by  Bouillier  {Histoire  de 
la  Philosophic  CartcsitiDW,  t,  i.  p.  lUG). 
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"Disronrsc,"  and  crronooiiKly  (L^scrilmiu;  tlio  motion  ii^ 
the  1)1()()(1,  not  to  the  coiiti'action  of  tli<^  walls  of  the 
lioart,  l)nt  to  tli(3  lieiit  \vlii(;li  lie  .siqtposcs  to  he  generated 
there,  he  adds  : — 

"This  motion,  wliicli  T  have  Just  oxjilaincMl,  ia  as  nmcli  tlio  nocessary 
result  of  tlu!  structun;  of  tho  parts  which  oiio  can  s(m!  in  the  licart,  and 
of  the  h((at  whiidi  ono  may  fcol  thoro  with  ono's  IiulCcis,  and  of  thf 
nature  of  tin;  hhxvl,  whicii  may  bo  experimentally  ascertaine<l ;  as  is 
that  of  a  cloc.Ic  of  the  force,  the  sitiiaticjn,  ami  the  li^^un;,  of  it^  wei^dit 
and  of  its  wheels." 

But  if  this  apparently  vital  operation  were  explieahle 

as  a  simpler  mechanism,  miglit  not  other  vital  operations 

be  reduei})le  to  the  same  category  ?      Descartes  replies 

without  hesitation  in  the  afhrmative. 

"The  animal  spirits,"  says  he,  "resemble  a  very  siihth^  fluid,  era 
very  pure  and  vivid  llanie,  and  are  continually  ^'eniTated  in  the  heart, 
and  ascend  to  the  brain  as  to  a  sort  of  reservoir.  Hence  they  pas.s 
into  the  nerves  and  are  «listributed  to  the  muscles,  causing  contraclion, 
or  relaxation,  according  to  their  quantity." 

Thus,  according  to  Descartes,  the  animal  hody  is  an 
automaton,  wliii'li  is  competent  to  i)erfurm  all  the  animal 
functions  in  exactly  the  same  way  as  a  clock  or  any  other 
piece  of  mechanism.     As  he  puts  the  case  himself : — 

"  In  proportion  as  these  spirits  [the  animal  spirits]  enter  the  cavities 
of  the  brain,  they  pass  thence  into  the  pores  of  its  substance,  and  from 
these  pores  into  the  nerves ;  where,  according  as  they  enter,  or  even 
only  tend  to  enter,  more  or  less,  into  one  tlian  into  another,  they  liave 
the  power  of  altering  the  ligure  of  the  muscles  into  "which  the;  nerves 
are  inserted,  and  by  this  means  of  causing  all  the  limbs  to  mov(\ 
Thus,  as  you  may  have  seen  in  the  grottoes  and  the  fountains  in  royal 
gardens,  the  force  with  which  the  water  issues  from  its  reservoir  is 
suHicient  to  move  various  machines,  and  even  to  make  them  play 
instruments,  or  prcmounce  words  according  to  the  different  disposition 
of  th<^  pipes  which  lead  the  water. 

"And,  in  truth,  the  nerves  of  the  machine  which  I  am  describing  may 
very  well  be  compared  to  the  pipes  of  these  waterworks  ;  its  musclfS 
and  its  tendons  to  the  other  various  engines  and  springs  which  seciui  to 
move  them  ;  its  animal  spirits  to  the  water  which  impfds  them,  of 
which  the  heart  is  the  fountain ;  while  the  cavities  of  the  brain  are 
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tho  central  ofhee.  Moreover,  respiration  and  otlier  sncli  actions  as  are 
natural  and  usual  in  tho  body,  and  which  tleju'nd  on  the  rourso  of  tho 
spirits,  are  likt;  the  movements  of  a  clock,  or  of  a  mill,  which  may  bo 
kept  up  by  tho  ordiiiaiy  How  of  tin;  water. 

"The  extt'rnai  objects  which,  by  their  men;  presence,  act  upon  tho 
organs  of  ihe  s(misi's  ;  and  wiiich,  by  this  means,  determino  the  cor- 
poral machine  to  move  in  many  ditferent  ways,  accunliiig  as  tin;  parts 
of  tho  Ijrain  arc;  iirramical,  are  like  the  stmnj^'ers  who,  entering  into 
some  of  the  groUnes  of  these  waterworks,  unconseinu^ly  cause  tho 
movements  whi(di  take  place  in  their  pieseiiee.  Fur  tie-y  cannot  enter 
without  tii'iiding  upon  certain  plaid<s  so  arranged  tliat,  for  exam])le,  if 
tln!y  apprnach  a  bathing  l)iana,  they  cause  her  to  iiitle  among  tho 
reeds;  and  it'  they  iittempt  to  I'ollow  her,  they  see  approaching  a 
Neptune,  M'ho  threatens  them  with  his  trident  ;  or  if  they  try  some 
other  way,  they  cause  some  monster  "svho  vomits  water  into  their 
faces,  to  dart  out;  or  like  contrivances,  accirdiug  to  the  fancy  of  tho 
engiiHicrs  who  have  made  them.  And  lastly,  when  the  i'<itioiinl  suit/  is 
lodged  in  this  machine,  it  will  have;  its  principal  seat  in  the  brain,  and 
will  take  the  plaec!  of  the  engineer,  who  ought  to  be  in  that  part  of 
the  Works  with  which  all  the  i)i[)es  are  connected,  when  he  wishes  to 
increase,  or  to  slacken,  or  in  some  way  to  alter,  their  movomenta."  ^ 

And  again  still  more  strongly  : — 

"  All  the  functions  wliich  I  have  attributed  to  this  nuicliine  (the 
body),  as  the  digestion  of  food,  tlui  pulsation  of  the  heart  and  of 
tlie  aiteries  ;  the  nutrition  and  the;  growth  of  tli<i  limbs;  r(!spiration, 
wakefulness,  and  sleej) ;  the  reception  of  light,  sounds,  odours,  llavours, 
heat,  and  such  like  <iualities,  in  the  organs  (jf  the  external  senses;  the 
impression  of  the  ideas  of  these  in  the  organ  of  common  sense  and  in 
the  imagination  ;  the  retention,  or  the  impression,  of  these  ideas  on  the 
memory;  the  inttu'ual  movements  of  the  appetites  and  the  jtassions ; 
and  lastly,  the  external  movements  of  all  the  limbs,  which  follow  so 
aptly,  as  well  the  action  of  the  objects  wliicdi  are  presented  to  the 
senses,  as  the  impressions  which  meet  in  the  memory,  that  they 
imitate  as  nearly  as  ]»ossible  those  of  a  real  man  :-  I  desire,  I  say, 
that  you  should  C(jnsider  that  these  functions  in  thenuichinc!  naturally 
jaoceed  from  the  mere  arrangement  of  its  organs,  neither  more  nor 
less  than  do  the  movements  of  a  cluck,  or  other  automat(»n,  from  that 


1  "Triiito  de  rHomnie"  (Cousin's  Edition},  p.  317. 

2  Descartes  ])i'etends  tliat  he  does  not  apply  liis  views  to  the  luniuui  l)o'Iy, 
but  only  to  an  imaginary  machine  which,  if  it  could  ])e  constructed,  would  do 
all  that  tlie  human  hody  does  ;  throwing  a  sop  to  ( 'crbenis  unworthily  ;  and 
Uselessly,  because  Cerberuij  was  by  no  i.icans  .stupid  eniAi^h  tu  swalluw  it. 
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of  it8  wiM^'lits  and  its  wluiols  ;  sd  tlmt,  so  far  as  thcsn  ari'  cojiconicd,  it 
is  iKt  iitMMissary  to  coiwi-ivi^  any  other  vi-'^'i-tativf  or  scTisitivn  soul,  nor 
any  other  piinciph'  of  uiotjon,  or  of  life,  than  the  blood  and  the  spirits 
a^'itat(!d  hy  the  tiie  whiih  Uiiriis  continually  in  the  heart,  and  which 
is  no  wise  essontially  dill'erunt  from  all  thu  tires  whicli  exist  iu  inuni- 
niat(5  })odies."  ' 

The  spirit  of  tlicsc  |»mss;ili;<'s  is  cxMctl}'  tliaf  <»f  tho 
most  a<lvauc<'«l  [►liysiolooy  of  the  pi'csciit  day  ;  all  that 
is  iicccssaiy  to  make  tli(Mii  coiMcidc  with  our  present 
physiolooy  in  form,  is  to  i'('i)fesent  the  <letails  of  the 
workiii"'  of  the  animal  machinery  in  mo(h'i-n  lan'-iiaw, 
and  by  the  aid  of  modern  eoneeptions. 

Most  un(hMd)tedIy,  the  di^u'estion  of  food  in  tlie  human 
1)()dy  is  a  pufely  ehemieal  process  ;  and  (he  })assage  of 
the  nutfitive  ])arts  of  tha,t  food  into  the  hlood,  a  physical 
operation,  lieyoiid  all  ([Uestion.  the  circulation  of  the 
Mood  is  simj'Iy  a  matter  of  mechitnism,  and  results  from 
the  structure  and  arrangement  of  the  parts  of  the  heart 
and  vessels,  from  the  contractility  of  those  ot;irans,  and 
from  the  regulation  of  that  contractility  by  an  automa- 
tically acting  nervous  apparatus.  I'he  })rogress  of  phy- 
siology has  further  shown,  that  the  contractility  of  the 
muscles  and  the  irritability  of  the  nerves  are  purely  the 
results  of  the  moh^cular  mechanism  of  those  organs  ;  and 
that  the  regular  movements  of  the  respiratory,  ali- 
mentary, and  other  internal  organs  are  governed  and 
guided,  as  mechanically,  by  their  ai)])ro]>riate  nervous 
centres.  Thii  even  rhythm  of  the  breathing  of  every  one 
of  us  depends  upon  the  structural  integrity  of  a  ])articular 
region  of  the  medulla  oblongata,  as  much  as  the  ticking 
of  a  clock  depends  upon  the  integrity  of  the  escajicment. 
You  may  take  away  the  hands  of  a  clock  and  break  up  its 
striking  machinery,  but  it  will  still  tick ;  and  a  man  may 
be  unable  to  feel,  speak,  or  move,  and  yet  he  will  breathe. 

Again,  in  entire  accordance  with  Descartes'  affirmation, 

1  "  Traitc  dc  I'ilomme,"  p.  427. 
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it  is  eertain  that  tin;  modes  of  motion  which  constitute 
the  physical  basis  of  li;::;ht,  sound,  and  lieat,  are  trans- 
mut(Ml  into  affections  of  nervous  matter  hv  the  sensorv 
organs.  These  atfeetioiis  are,  so  to  sjteak,  a  kind  of 
physical  ideas,  which  are  retaineil  in  the  eenti'al  oreans, 
constitutin<^^  wiiat  iniij;ht  be  eaUed  physical  memory,  and 
may  be  combined  in  a  manner  which  answei's  lo  associa- 
tion and  imagination,  or  may  eive  rise  to  muscular 
contractions,  in  those  "  icflex  actions"  wliiih  ai<  the 
mechanical  re|»i'esentatives  of  ^■olitions. 

Consider  wjiat  liapjtens  when  a  blow  is  aimed  at  the 
Instantly,  and  without  our  knowledge  or  will,  and 
evi'ii  auainst  the  will,  the  evelids  close.  W  liat  is  it  that 
hapjiens  i  A  ])icture  of  the  rapidly  advaiieinji;  list  \a 
ma<le  upon  the  retina  at  the  back  (»f  the  cnc.  'I'lie  retina 
changes  this  picture  liito  an  aH'cctien  of  a  mimlier  (»f  the 
fibres  of  the  optic  nerve  ;  the  fibres  of  the  ojttic  nerve 
art'ect  certain  parts  of  the  brain  ;  the  brain,  in  consecpience, 
aftects  those  particular  fibres  of  the  seventh  nerve  which 
go  to  the  orbicular  muscle  of  the  eyelids  ;  the  change  in 
these  nerve-fibres  causes  the  muKcular  fibres  to  change 
their  dimensions,  so  as  to  become  shorter  and  broader  ; 
and  the  result  is  the  closing  of  the  slit  between  the  two 
lids,  round  which  these  fibres  are  dis[)osed.  Here  is  a 
]»ure  mechanism,  giving  rise  to  a  puiposive  action,  and 
strictly  comparable  to  that  by  which  Descartes  supj)Oses 
his  waterwork  Diana  to  be  moved.  But  we  nia^^  ^o 
further,  and  incjuire  whether  our  volition,  in  what  we  term 
voluntary  action,  ever  plays  any  other  ]>art  than  that  of 
Descartes'  enijfineer,  jittinu;  in  his  office,  and  turninii'  this 
ta]3  or  the  other,  as  he  wishes  to  set  one  or  another 
machine  in  motion,  but  exercising  no  direct  influence 
uj>on  the  movements  of  the  wdiole. 

Our  v'luntary  acts   consist  of  two  parts:  firstly,  we 

1  Compare  "Traitc  Jes  Pabsions,"  Art.  XIII.  and  XVI. 
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desire  to  perform  a  certain  action  ;  and,  secondly,  we  some- 
how set  a-goin<^  a  machinery  which  does  what  we  desire. 
But  so  httle  (lo  we  directly  influence  that  machinery, 
that  nine-tenths  of  us  do  not  even  know  its  existence. 

Su})pose  one  wills  to  raise  one's  arm  and  whirl  it  roimd. 
Nothing  is  easier.  J3ut  the  majority  of  us  do  not  know 
that  nerves  and  muscles  are  concern(;d  in  this  process ; 
and  the  best  anatomist  among  us  would  he  amazingly 
perplexed,  if  he  were  called  upcm  to  direct  the  succession, 
and  the  relative  strength,  of  the  multitudinous  nerve- 
changes,  which  are  the  actual  causes  of  this  very  simple 
operation. 

So  again  in  s^ieaking.  How  many  of  us  know  that  the 
voice  is  produced  in  the  larynx,  and  modified  l)y  the 
mouth  ?  How  many  amoug  these  instructed  j)crsons 
understand  how  the  voic^  is  })roduced  and  modified? 
And  what  living  man,  if  he  had  unlimited  control  over  (dl 
the  nerves  supi)lying  the  mouth  and  larynx  of  another 
person,  could  make  him  pronounce  a  sentence  ?  Yet,  if 
one  has  anything  to  say,  what  is  easier  than  to  say  it  ? 
AYe  desire  the  utterance  of  certain  words  :  we  touch  the 
spring  of  the  word-machine,  and  they  are  spoken.  Just 
as  Descart(„'s'  engineer,  when  he  wanted  a  particular  hy- 
cb'aulic  machine  to  play,  had  only  to  turn  a  taj),  and  what 
he  wished  was  done.  It  is  because  the  body  is  a  ma- 
chine that  education  is  possible.  Education  is  the  forma- 
tion of  habits,  asii})erindueing  of  an  artificial  organization 
upon  the  natural  organization  of  the  body ;  so  that  acts, 
which  at  first  reijuired  a  conscious  effort,  eventually 
became  unc(  iiscious  and  mechanical.  If  the  act  which 
primarily  requires  a  distinct  consciousness  and  volition 
of  its  details,  always  needed  the  same  effort,  education 
would  be  an  impossibility.  -         • 

According  to  Descartes,  then,  all  the  functions  which 
are  common  to  man  and  animals  are  performed  by  the 
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body  as  a  mere  mechanism,  and  he  looks  upon  conscious- 
ness as  the  peculiar  distinction  of  the  *'  chose  pensante,'' 
of  the  "  rational  soul,"  which  in  man  (and  in  man 
only,  in  Descanes'  opinion)  is  superadded  to  the  body. 
This  rational  soul  he  conceived  to  be  lodged  in  the 
pineal  gland,  as  in  a  sort  of  central  office  ;  and,  here,  by 
the  intermediation  of  the  animal  spirits,  it  became  aware 
of  what  was  going  on  in  the  body,  or  influenced  the 
operations  of  the  body.  Modern  physiologists  do  not 
ascribe  so  exalted  a  function  to  the  little  pineal  ghmd,  but, 
in  a  vague  sort  of  way,  they  adopt  Descartes'  principle, 
and  suppose  that  the  soul  is  lodged  in  the  cortical  pait 
of  the  brain — at  least  this  is  commonly  regarded  as  tlie 
seat  and  instrument  of  consciousness. 

Descartes  has  clearly  stated  what  he  conceived  to  be 
the  difference  between  spirit  and  matter.  Matter  is  sub- 
stance which  has  extension,  but  does  not  think  ;  spirit  is 
substance  which  thinks,  but  has  no  extension.  It  is  very 
hard  to  form  a  definite  notion  of  what  this  phraseology 
means,  when  it  is  taken  in  connexion  with  the  location 
of  the  soul  in  the  pineal  gland  ;  and  I  can  only  represent 
it  to  m3^self  as  signifying  that  the  soul  is  a  mathematical 
point,  having  place  but  not  extension,  within  the  limits 
of  the  pineal  gland.  Not  only  has  it  place,  but  it  must 
exert  force  ;  for,  according  to  the  hypothesis,  it  is  com- 
petent, when  it  wills,  to  change  the  course  of  the  animal 
spirits,  which  consist  of  matter  in  motion.  Thus  the 
soul  becomes  a  centre  of  force.  But,  at  the  same  time, 
the  distinction  between  spirit  and  matter  vanishes  ;  inas- 
much as  matter,  according  to  a  tenable  hyj^othesis,  may 
be  nothing  but  a  multitude  of  centres  of  force.  The 
case  is  worse  if  we  adopt  the  modern  vague  notion  that 
consciousness  is  seated  in  the  grey  matter  of  the  cere- 
brum, generally  ;  for,  as  the  grey  matter  has  extension, 
that   which  is  lodged  in  it  must  also  have    extension. 
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And  thus  we  are  led,  in  another  way,  to  lose  spirit 
in  matter. 

In  truth,  Descartes'  pliysiulogy,  like  the  modern  physi- 
ology of  which  it  anti('ipates  the  spirit,  leads  straight  to 
Materialism,  so  far  as  that  title  is  rightly  applicable  to  the 
doctrine  that  we  have  no  knowledge  of  any  thinking  sub- 
stance, apart  from  extended  suljstance  ;  and  that  thought 
is  as  much  a  function  of  matter  as  motion  is.  Thus  we 
arrive  at  the  singular  result  that,  of  the  two  paths  opened 
up  to  us  in  the  "  Discourse  upon  ^lethod,"  the  one 
leads,  by  way  of  Berkeley  and  Hume,  to  Kant  and 
Idealism ;  while  the  other  leads,  by  way  of  De  La 
!Mettrie  and  Priestley,  to  modern  physiology  and  Mate- 
rialism.^ Our  stem  divides  into  two  main  branches, 
which  grow  in  oj)posite  ways,  and  l)ear  flowers  which 
look  as  different  as  they  can  well  be.  But  each  branch 
is  sound  and  healthy,  and  has  as  much  life  and  vigour 
as  the  other. 

If  a  botanist  found  this  state  of  things  in  a  new  plant, 
1  imaoine  that  he  mioht  be  inclined  to  think  that  his  tree 
was  monoecious — that  the  flowers  were  of  different  sexes, 
and  that,  so  far  from  setting  up  a  barrier  between  the 
two  branches  of  the  tree,  the  only  hope  of  fertility  lay  in 
bringing  them  together.  I  may  be  taking  too  much  of  a 
naturalist's  view  of  the  case,  but  I  must  confess  that  this 
is  exactly  my  notion  of  what  is  to  be  done  with  meta- 
[)hysics  and  physics.  Their  differences  are  comple- 
mentary, not  antagonistic ;  and  thought  will  never  be 
completely  fruitful  until  the  one  unites  with  the  other. 

^  Bouillier,  into  whose  sxcellent  "  History  of  the  Cartesian  Philosophy  " 
I  had  not  looked  when  this  pnssage  was  written,  says,  very  justly,  that  Descartes 
"  a  nierite  le  titre  de  pere  de  la  physique,  aussi  bien  que  celui  de  pere  de  la 
ni6taphysique  niodorne  "  (t.  i.  p.  Vd~).  See  also  Kuno  Fischer's  "  Geschichte 
der  neuen  Philotiophie,"  Bd.  i.  ;  and  the  very  remarkable  work  of  Lange, 
"  (Tcschichte  des  INlaterialisnuis." — A  good  translation  of  the  latter  would  be 
a  great  service  to  philosophy  in  England. 
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Let  me  try  to  explain  what  I  mean.  I  hold,  witli  the 
Alaterialist,  that  the  human  body,  like  all  living  bodies, 
is  a  machine,  all  the  operations  of  which  will,  sooner  or 
later,  be  ex];)lained  on  physical  princii)les.  1  believe  that 
we  shall,  sooner  or  later,  arrive  at  a  mechanical  equivalent 
of  consciousness,  just  as  we  have  arrived  at  a  mechanical 
equivalent  of  heat.  If  a  pound  weight  falling  through  a 
distance  of  a  foot  gives  rise  to  a  definite  amount  of  heat, 
which  may  properly  be  said  to  be  its  equivalent ;  the  same 
pound  weight  falling  through  a  foot  on  a  man's  hand  gives 
rise  to  a  definite  amount  of  feeling,  which  might  with  equal  . 
propriety  l)e  said  to  be  its  equivalent  in  consciousness.^  / 
And  as  we  already  know  that  there  is  a  certain  parity 
between  the  intensity  of  a  pain  and  tlie  strength  of  one's 
desire  to  get  rid  of  that  pain  ;  and  secondly,  that  there 
is  a  certain  correspondence  between  the  intensity  of  the 
heat,  or  mecluaiical  violence,  which  gives  rise  to  the  pain, 
and  the  pain  itself;  the  possibility  of  the  establishment 
of  a  correlation  between  mechanical  force  and  volition 
becomes  apparent.  And  the  same  conclusion  is  sug- 
gested by  the  fact  tliat,  within  certain  limits,  the  inten- 
sity of  the  mechanical  force  we  exert  is  proportioned  to 
the  intensity  of  our  desire  to  exert  it. 

Thus  I  am  prepared  to  go  with  the  ^laterialists  wher- 
ever the  true  pursuit  of  the  path  of  Descartes  may  lead 
them  ;  and  I  am  glad,  on  all  occasions,  to  declare  my 
belief  that  their  fearless  development  of  the  materialistic 
aspect  of  these  matters  has  had  an  immense,  and  a  most 
beneficial,  influence  upon  physiology  and  y>sycliology. 
Nay  more,  when  they  go  farther  than  1  think  they  are 
entitled   to    do — when   they   introduce   Calvinism    into 

1  For  all  the  qualifications  which  need  to  be  made  here,  I  refer  the  reader 
to  the  thorough  discussion  of  the  nature  of  the  relation  between  nerve-act ioti 
and  consciousness  iu  Mr.  Herbert  Spencer's  "riiuciples  of  rsycliolo<iy,' 
p.  115  et  seq.      ^  ; 
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science  and  declare  that  man  is  nothing  but  a  macliine, 
J  do  not  see  any  particuhir  harm  in  their  doctrines,  so 
long  as  they  admit  that  which  is  a  matter  of  experi- 
mental fact — namely,  that  it  is  a  machine  capable  of 
adjusting  itself  within  certain  limits. 

I  protest  that  if  some  great  Power  would  agree  to 
make  me  always  think  what  is  true  and  do  what  is  right, 
on  condition  of  being  turned  into  a  sort  of  clock  and 
wound  up  every  morning  before  I  got  out  of  bed,  I 
should  instantly  close  with  the  offer.  The  only  freedom 
1  care  about  is  the  freedom  to  do  right ;  the  freedom  to 
do  wrong  1  am  ready  to  part  with  on  the  <^l^eapest  terms 
to  any  one  who  will  take  it  of  me.  But  when  the  Ma- 
terialists stray  beyond  the  borders  of  their  path  and 
l>effin  to  talk  about  there  beinoj  nothincj  else  in  the 
universe  but  Matter  and  Force  and  Necessary  Laws, 
and  all  the  rest  of  their  "grenadiers,"  I  decline  to 
follow  them.  I  go  back  to  the  point  from  which  Ave 
started,  and  to  the  other  path  of  Descartes.  I  remind 
you  that  we  have  already  seen  clearly  and  distinctly, 
and  in  a  manner  w^hich  admits  of  no  doubt,  that  all  our 
knowledge  is  a  knowledore  of  states  of  consciousness. 
"  Matter  "  and  "  Force  "  are,  so  far  as  we  can  know,  mere 
names  for  (certain  forms  of  consciousness.  "Necessary  " 
means  that  of  which  we  cannot  conceive  the  contrary. 
"  Law  "  means  a  rule  which  we  have  always  found  to  hold 
good,  and  wliich  we  expect  always  will  hold  good.  Thus 
it  is  an  indisputal)le  truth  that  what  we  call  the  material 
world  is  only  known  to  us  under  the  forms  of  the  ideal 
world  ;  and,  as  Descartes  tells  us,  our  knowledge  of  the 
soul  is  more  intimate  and  certain  than  our  knowledge  of 
the  body.  If  I  say  that  impenetrability  is  a  property  of 
matter,  all  that  I  can  really  mean  is  that  the  conscious- 
ness I  call  extension,  and  the  consciousness  I  call  resist- 
ance,   constantly   accompany  one   another.      Why   and 
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liow  they  are  thus  related  is  a  mystery.  And  if  I  say 
that  thought  is  a  property  of  matter,  all  that  I  can  mean 
is  that,  actually  or  possibly,  the  consciousness  of  exten- 
sion and  that  of  resistance  accompany  all  otlier  sorts  of 
consciousness.  But,  as  in  the  former  case;,  why  they  are 
thus  associated  is  an  insolii1)l(^  mystery. 

From  all  this  it  follows  that  what  I  may  term  legiti- 
mate materialism,  that  is,  the  extension  of  the  conceptions 
and  of  the  methods  of  physical  science  to  the  his^hest  as 
well  as  the  lowest  phoenomena  of  vitality,  is  neither  more 
nor  less  than  a  sort  of  shortliand  Idealism  ;  and  Des- 
cirtes'  two  paths  meet  at  tlv  summit  of  the  mountain, 
though  they  set  out  on  opposite  sides  of  it. 

The  reconciliation  of  pliysic^s  and  metaphysics  lies  in 
the  acknowledgment  of  faults  upon  both  sitk's ;  in  the 
confession  by  physics  that  all  the  phcenomena  of  nature 
are,  in  their  ultimate  analysis,  known  to  us  only  as  facts 
of  consciousness  ;  in  the  admission  by  metaphysics,  that 
the  facts  of  consciousness  are,  practically,  interpretable 
only  by  the  methods  and  the  formulae  of  physics  :  and, 
finally,  in  the  observance  by  both  metaphysical  and 
j)hysical  thinkers  of  Descartes'  maxim — assent  to  no 
proposition  the  matter  of  which  is  not  so  clear  and 
distinct  that  it  cannot  be  doubted. 

When  you  did  me  the  honour  to  ask  me  to  deliver  this 
address,  I  confess  I  was  perplexed  what  topic  to  select. 
For  you  are  emphatically  and  distinctly  a  Ch.ri.sf Ian 
body  ;  while  science  and  philosophy,  within  the  range 
of  which  lie  all  the  topics  on  which  I  could  venture 
to  speak,  are  neither  Christian,  nor  Unchristian,  but  are 
Extrachristian,  and  have  a  world  of  their  own,  which,  to 
use  language  which  will  be  very  familiar  to  your  ears  just 
now,  is  not  only  "unsectarian,"  but  is  altogether  "secular." 
The  arguments  which  I  have  put  before  you  to-night,  for 
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example,  arc  not  inconsistent,  so  far  as  1  know,  with  any 
form  of  theology. 

After  much  consideration,  I  thouf^ht  that  I  mio-ht  be 
most  useful  to  you,  if  1  attempted  to  give  you  some  vision 
of  this  Extrachristian  world,  as  it  appears  to  a  person  who 
lives  a  good  deal  in  it ;  and  if  I  tried  to  show  you  by 
what  methods  the  dwellers  therein  try  to  distinguish 
truth  from  falsehood,  in  regard  to  some  of  the  deepest 
and  most  difficult  problems  that  beset  humanity,  "  in 
order  to  be  clear  aljout  their  actions,  and  to  walk  sure- 
footed! y  in  this  life,"  as  Descartes  says. 

It  struck  me  that  if  the  execution  of  my  project  came 
anywhere  near  the  conception  of  it,  you  would  become 
aware  that  tlie  philosophers  and  the  men  of  science  are 
not  exactly  what  they  are  sometimes  represented  to  you 
to  l)e ;  and  that  their  methods  and  paths  do  not  lead  so 
perpendicularly  downwards  as  you  are  occasionally  told 
they  do.  And  I  must  admit,  also,  that  a  particular  and 
personal  motive  weighed  with  me, — namely,  the  desire  to 
show  that  a  certain  discourse,  which  brought  a  great 
storm  about  my  head  some  time  ago,  contained  nothing 
but  the  ultimate  development  of  the  views  of  the  father 
of  modern  philosophy.  I  do  not  know  if  I  have  been 
quite  wise  in  allowing  this  last  motive  to  weigh  with  me. 
They  say  that  the  most  dangerous  thing  one  can  do  in  a 
thunderstorm  is  to  shelter  oneself  under  a  great  tree,  and 
the  history  of  Descartes'  life  shows  how  narrowly  he 
escaped  being  riven  by  the  lightnings,  which  were  more 
destructive  in  his  time  than  in  ours. 

Descartes  lived  and  died  a  good  Catholic,  and  prided 
himself  upon  having  demonstrated  the  existence  of  God 
and  of  the  soul  of  man.  As  a  reward  for  his  exertions, 
his  old  friends  the  Jesuits  put  his  works  upon  the 
"  Index,"  and  called  him  an  Atheist ;  while  the  Pro- 
testant divines  of  Holland  declared  him  to  be  both  a 
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Jesuit  and  an  Atlieist.  PTis  books  narrowly  escaped 
being  burned  l)y  the  hangman  ;  the  fate  of  Vanini  was 
dangled  before  his  eyes  ;  and  the  misfortune's  of  Calileo 
so  alarmed  him,  tliat  he  well-nigli  renounced  the  pur- 
suits by  whic'li  the  workl  has  so  greatly  l)enehted,  and 
was  driven  into  suljterfuges  and  evasions  which  were  not 
worthy  of  him. 

"  Very  cowardly,"  you  may  say ;  and  so  it  was. 
But  you  must  make  allowance  for  the  fact  tliat,  in  the 
seventeenth  century,  not  only  did  heresy  mean  possible 
burning,  or  imprisonment,  but  the  very  susi)ieioii  of  it 
destroyed  a  man's  pcacc^  and  rendered  the  calm  i)iu'suit 
of  truth  difficult  or  impossible.  I  fancy  that  Descartes 
was  a  man  to  care  more  about  being  worried  and  dis: 
turbed,  than  about  being  burned  outright  ;  and,  like 
many  other  men,  sacrifii;ed  for  the  sake  of  peace  and 
quietness,  what  he  would  have  stubljornly  maintained 
atrainst  downright  violence. 

However  this  may  be,  let  those  who  are  sure  they  would 
have  done  l)ett(.'r  throw  stones  at  him.  J  have  no  feelings 
but  those  of  gratitude  and  reverence  for  the  man  who  did 
what  he  did,  when  he  did ;  and  a  sort  of  shame  that  any 
one  should  repine  against  taking  a  fair  share  of  such 
treatment  as  the  world  thouf>lit  oood  enouf]^li  for  him. 

Finally,  it  occurs  to  me  that,  su(;h  l)eing  my  feeling 
about  the  matter,  it  may  be  useful  to  all  of  us  if  1 
ask  you,  "What  is  yours?  Do  you  think  that  the 
Christianity  of  the  seventeenth  century  looks  noliler  and 
more  attractive  for  such  treatment  of  such  a  man  ?"  You 
will  hardly  reply  that  it  does.  But  if  it  does  not,  may  it 
not  be  well  if  all  of  you  do  what  lies  within  your  power 
to  prevent  the  Christianity  of  the  nineteenth  century 
from  repeating  the  scandrJ  ? 

There  are  one  or  two  living  men,  who,  a  couple  of 
centuries  hence,  will  be  remembered  as  Descartes  is  now, 
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because  they  have  produced  great  thoughts  which  will 
live  and  grow  as  long  as  mankind  lasts. 

If  tlie  twenty-first  century  studies  tlieir  history,  it  w  I 
find  that  the  ('hristianity  of  the  midtlle  of  the  nineteont  i 
century  recognised  them  only  as  objects  of  vilificati*.'  i. 
It  is  for  you  and  such  as  you,  Christian  youiig  men,  to 
say  whether  this  shall  be  as  true  of  the  ChrLitianity  of 
the  futnre  aw  it  i :  of  th:it  of  the  jiresent.  I  ap[)eal  to  you 
to  ^a^^  '  ,V<  ii.  your  own  interest,  and  in  that  of  the 
rhris^iaiiUv  y  sa  profess. 

In  the  liiteres'  of  Science,  no  ap})oal  is  needful ;  as 
Dante  sings  of  Fortune — 

*'  Qv.est'  h  colei,  cli'e  tanto  posta  in  croce 
Pur  drt  color,  die  le  dovriuu  dar  lode 
Daiidole  hiasnio  a  toito  e  mala  voce,  * 

^fa  ell  a  s'  e  l)eata,  e  cio  uon  ode  : 
Con  r  altre  prime  creature  lieta 

Volve  sua  spera,  e  beata  si  gode  :  "^ 

so,  whatever  evil  voices  may  rago.  Science,  secure  among 
the  powers  that  are  eternal,  will  do  her  work  and  be 
blessed. 

'  *'  And  this  is  she  who's  put  on  cross  so  nuich, 
Even  by  them  who  ou<Tht  to  give  her  praise, 
(livintr  her  wronjjly  ill  repute  an<'  blame. 
But  she  is  blessed,  and  she  heat's  not  this  : 
She,  with  the  other  primal  creatures,  gXuA 
Eevolves  her  sphere,  and  blessed  joys  hei'self." 

Infenio,  vii.  90 — 95  (W.  M.  Rossetti's  Translation). 


THE  END. 
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